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INTRODUCTION N 

Moree than 500,000 women die each year in childbirth, 99% of them in developing coun-
tries.. This amounts to one woman dying every minute, from mainly preventable causes. 
Manyy of these deaths are related directly to childbirth and many are due to indirect causes 
suchh as severe anaemia and malaria. 

Forr every maternal death there are 14 perinatal deaths (7 million per year). More than 
onee third of fetal and newborn deaths are related to the mother's health and nutrition1. 
Loww birth weight is the most important risk factor for infant mortality2, and twenty four 
off  the twenty five million low birth weight babies born each year are from developing 
countries.. Malaria and anaemia are both risk factors for low birth weight and perinatal 
mortality. . 

SEVEREE ANAEMIA AND MATERNAL AND PERINATAL HEALTH 

Thee World Health Organisation has defined anaemia in pregnancy as a haemoglobin 
beloww ng/dl, and severe anaemia as a haemoglobin below 7 g/dl. In sub-Saharan Africa, 
itt is estimated that between 50 - 70% of pregnant women are anaemic with 5-15% being 
severelyy anaemic. In Sub-Saharan Africa, this anaemia is more frequent in primigravi-
dae,, during the rainy season when malaria transmission is high and during the second 
andd third trimesters3. 

Severee anaemia is associated with an increased risk of maternal mortality from car-
diacc failure and shock, progressing through the following stages4: 
1)) compensation, with breathlessness on exertion only; 
2)) decompensation, with breathlessness at rest. This becomes likely when haemoglobin 

(Hb)) is less than 7 g/dl (packed cell volume (PCV) < 24); 
3)) cardiac failure. There is a high risk with Hb below 4 g/dl (PCV < 13). 

Bloodd volume increases in pregnancy raising cardiac output. In severe anaemia, the heart 
hass to increase this output even further in response to hypoxaemia. Commonly women 
withh severe anaemia develop cardiac failure for the first time during labour or in the first 
feww hours following delivery, and so are highly likely to die if not within easy reach of 
goodd health facilities. Anaemia also renders women less able to withstand blood loss at 
delivery.. Women who are not anaemic can usually lose over a litre of blood with littl e risk 
off  collapse, whereas in women who are severely anaemic much lower blood loss may 
provee fatal. Anaemia may also contribute to deaths from sepsis. 

Severee anaemia has been reported as the main cause of 8%-20% of maternal deaths in 
somee hospital series5"8 and of n%-i3% in community-based studies910. The association 
betweenn severe anaemia and maternal mortality is difficult to quantify, because haemo-
globinn (Hb) estimations are often not performed systematically in settings where severe 
anaemiaa is highly prevalent. The retrospective diagnosis of severe anaemia as a primary 
factorr contributing to a death is difficult. Community surveys may under-estimate the 
associationn because they do not take into account the contribution that severe anaemia 
makess towards deaths from haemorrhage and sepsis. All cause anaemia attributable 
maternall  mortality has been estimated to be 6.37% of maternal deaths for Africa, with the 
relativee risk of mortality associated with severe anaemia (defined as <47 g/dl) being 3.51 
(95%Cl2.05,6.oo)n. . 
Ass well as contributing to maternal mortality, it is likely that severe anaemia causes con-
siderablesiderable morbidity, such as tiredness, lassitude, breathlessness, and also decreases pro-
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ductivityy and ability to work. There has been very littl e research on the morbidity or effect 
onn quality of life due to anaemia in pregnancy. 

Severee anaemia is also an important cause of low birthweight (LBW)1213 and fetal 
anaemia14,, and the risk of perinatal death has been shown to increase significantly in 
severelyy anaemic women13. 

CAUSESS O F A N A E M I A I N PREGNANC Y 

Normall  physiological changes of pregnancy are such that there is always a progressive 
falll  in haemoglobin / haematocrit from the end of the 12th week of pregnancy until about 
thee 34-36Ü1 week, with a return to normal levels 6-8 weeks post-partum. This "dilutional 
anaemia""  is due to an increased blood volume of 50%, with an increased red cell mass of 
onlyy 18%. Haemoglobin is a measure of the ratio of red cell mass to plasma volume, so 
consequentlyy always decreases during pregnancy due to sero-dilution in the presence or 
absencee of anaemia15. 

Inn Sub-Saharan Africa a major preventable cause of severe anaemia in pregnancy is 
malariaa infection, with the aetiology of anaemia in primigravidae often being dominated 
byy haemolysis due to malaria51617. Other important causes of anaemia in pregnancy are 
iron,, folate and vitamin A deficiencies, hookworm infections, haemoglobinopathies and 
advancedd HIV infection17. 

Beforee discussing malaria in pregnancy in greater depth, other causes of anaemia in 
pregnancyy that should be preventable through antenatal services are discussed briefly 
below. . 

IronIron  deficiency 

Ironn deficiency is common where diet is poor, and is exacerbated by the increased 
demandss of pregnancy. Iron deficiency produces an anaemia characterised by microcytic 
hypochromicc red blood cells. Iron requirements are considerably increased during preg-
nancy,, because of increase in red cell mass (about 5oomg of iron); active iron transport to 
thee fetus (about 29omg) and constitution of the placenta (about 25mg). Including basal 
losses,, total requirements are greater than iooomg for the duration of pregnancy, averag-
ingg out at more than 3.5mg/day, though with the requirements more concentrated during 
thee second and third trimesters. By comparison, iron requirements in men are approxi-
matelyy img/day. In addition to the daily requirements, iron is lost through the blood loss 
att delivery, the mean loss being between 150 and 35omls18. Iron requirements are 
increasedd further if there is any pathological cause of iron loss, such as parasitic infesta-
tion. . 

Hookwormm infection is one of the principal causes of iron deficiency anaemia in 
developingg countries19. Hookworm parasites attach themselves to the mucosa of the 
intestinall  tract and suck blood from the submucosal vessels. Each worm of Necator Amc-
ricanusricanus (the commonest in Tropical Africa) causes 0.05ml blood loss/day. As there is fre-
quentlyy infestation with many parasites, it would not be uncommon to lose 2ml/day (img 
iron/day).. Similarly, with a heavy trichuris infection blood loss can be equivalent to at 
leastt img iron /day. Schistosoma haematobium causes haematuria, and urinary blood loss 
hass been estimated to range from 0.5 to 125 ml/day (0.25 to 6omg iron/day). Schistosoma 
mansoni,mansoni, by causing inflammation and polyps in the large bowel can cause i-6mg iron 
loss/day. . 
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Despitee this high iron need, the diet of women of reproductive age in developing coun-
triess is frequently more iron deficiënt than that of men, at a given level of poverty20. 
Womenn often enter pregnancy already iron deficient for a mixture of reasons including 
dietaryy inadequacy, short birth interval, prolonged lactation, heavy menstrual losses and 
parasiticc infestation. 

Evenn in well-nourished communities, the iron requirements in pregnancy are usually 
tooo high to be supplied by diet alone, despite increased absorption. The extra iron require-
mentss normally have to be met by iron stores. However, many women in developing 
countriess have minimal or absent iron stores when they enter pregnancy. In well-nour-
ishedd women from industrialised countries, iron stores are significantly reduced from 
earlyy pregnancy onwards21, and were absent in 16% of French women in the third month 
off  pregnancy19. It has been estimated that in the absence of iron supplementation it can 
takee two years to regain pre-pregnancy ferritin levels. This is of particular relevance where 
theree are short birth intervals19. 

VitaminVitamin A deficiency 
Dietaryy vitamin A deficiency is associated with anaemia in pregnancy. A trial conducted 
inn pregnant women in Indonesia found that simultaneous administration of vitamin A 
alongg with iron supplementation produced a better haematological response than iron or 
vitaminn A alone22. Improvement in vitamin A status is believed to improve the absorption 
andd mobilisation of iron, and may enhance immune responsiveness and decrease infec-
tionss contributing to anaemia23. 

FolateFolate deficiency 
Ass with iron, folate deficiency is also common where diet is poor, and is exacerbated by 
thee increased demands of pregnancy - though there are marked regional variations in 
deficiency.. Folate deficiency produces an anaemia characterised by unusually large red 
bloodd cells (megaloblastic anaemia). Folate requirements are approximately doubled dur-
ingg pregnancy, especially during the last trimester and during the puerperium. Require-
mentss for folate are also increased by disease processes associated with haemolysis such 
ass malaria or sickle cell disease. Folate levels were higher in primigravidae taking anti-
malariall  prophylaxis in Ibadan, Nigeria, than in those unprotected from malaria24. 

MALARI AA IN PREGNANCY 

Malariaa is a potentially preventable cause of both severe anaemia in pregnancy and also 
perinatall  morbidity and mortality. 

Thee maternal anaemia which develops in association with falciparum malaria infec-
tionn is mediated through haemolysis of both infected and uninfected red cells. It is 
thoughtt that the haemolysis of uninfected cells is in part immune complex mediated. 
Dyserythropoiesiss may also contribute to the development of anaemia during and after 
malariaa infection. In addition, folate deficiency may develop secondary to haemolysis and 
thee already increased demands for folate in pregnancy17. 

Thee clinical features of falciparum malaria in pregnancy depend to a large extent on 
thee immune status of the woman, which in turn is determined by her previous and con-
tinuedd exposure to malaria. 
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LowLow or unstable transmission areas 
Inn areas with low or unstable transmission of malaria, exposure is not constant enough to 
resultt in effective immunity in the population. People of all ages are at risk of severe dis-
easeease if exposed to infection. In these settings, pregnant women of all parities are at 2-3 
timess greater risk of developing severe disease than non-pregnant women and at approxi-
matelyy 3 times greater risk of dying if they do develop severe disease.25,26 Severe disease 
inn pregnant women has been associated with 20-30% maternal mortality and a very high 
riskk of miscarriage, premature delivery or neonatal death.27 Particular dangers of malaria 
inn pregnancy in women with absent or low levels of immunity are hyperpyrexia, hypogly-
caemia,, severe haemolytic anaemia, cerebral malaria and pulmonary oedema.25 Women 
off  all parities are affected. 

ModerateModerate or high transmission areas 
InIn most of sub-Saharan Africa and some parts of Asia, malaria transmission is moderate 
orr high. Malaria is present every year, commonly with seasonal peaks. The work that is 
includedd in this thesis was undertaken in an area of moderate transmission. Immunity to 
malariall  disease takes a number of years to develop, so in these settings, children under 
fivee are at particular risk of severe disease and death. With continued exposure, older chil-
drenn and adults still get infected with malaria, may have a low-grade fever in association 
withh infection, but rarely go on to develop severe disease. 

Duringg pregnancy this immunity to malaria is altered. Pregnant women have a 
higherr prevalence of parasitaemia and density of parasitaemia than non-pregnant 
women.. Primigravidae are affected most, with the risk of malaria decreasing with each 
successivee pregnancy50. Severe disease is uncommon, though placental parasitisation is 
frequent.. Infection is frequently asymptomatic. Consequently, malaria may go unsus-
pectedd and undetected. The main clinical problems of malaria in pregnancy in these set-
tingss are the development of maternal anaemia, which is often severe16, and low birth 
weightt deliveries (<2500g)13. The severe anaemia may develop insidiously and may there-
foree be overlooked until very severe. Peripheral parasitaemia may be absent, although pla-
centall  parasitaemia is present, so investigations may fail to reveal malaria as the cause of 
thee anaemia. 

Thee increased low birthweight prevalence in primiparae resulting from malaria is 
substantial,, and may be over 50% in some areas. In The Gambia reduction of low birth-
weightt by chemoprophylaxis was estimated, using data on the relationship between birth-
weightt and risk of death, to reduce the neonatal death rate by 42% and infant mortality by 
18%% among children of primigravidae, and by 6% and 4% respectively among children of 
multigravidae28.. The low birth weight results from a combination of intra-uterine growth 
restrictionn (IUGR) and prematurity41. The mechanisms through which it occurs include 
ann effect of maternal anaemia; haemodynamic disturbance of utero-placental 
circulation51;; placental damage leading to impaired nutrient supply; and possibly an asso-
ciationn with pre-eclampsia (PET) or a PET like process29. 

ImpactImpact of HIV  on malaria in pregnancy 
AA number of studies have shown that P. falciparum parasitaemia occurs more frequently 
inn HIV infected pregnant women30-31. HIV infection appears to impair malarial immu-
nity,, such that HIV infected multigravidae may show higher malaria prevalence than HIV 
uninfectedd primigravidae. The interaction may be synergistic in increasing the risk of 
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maternall  anaemia and low birthweight, and consequently reducing child survival. It is 
alsoo possible that placental malaria increases the risk of mother-to-child HIV 
transmission52. . 

PathophysiologyPathophysiology of falciparum malaria in pregnancy 
AA unique feature of Plasmodium falciparum is its ability to sequester in deep capillary beds 
duringg the asexual stages of parasite replication, thereby avoiding host immune surveil-
lancee and splenic clearance. Infected erythrocytes adhere to a variety of ligands on vascu-
larr endothelium32. It is this feature which is thought to result in P. falciparum being 
responsiblee for most of the severe disease and almost all of the mortality associated with 
malariaa worldwide. 

Whatt makes malaria in pregnancy unique is that parasites sequester in the placenta, 
wheree infection is often extremely heavy. Parasites are seen in maternal erythrocytes in 
thee intervillous space in active / acute infection. If there is longer-standing infection, 
haemozoinn (malaria pigment) is seen in peri-villous fibrin deposits in the placenta. 
Thickeningg of the syncytiotrophoblast basement membrane in association with placental 
malariaa infection is a consistent feature and an intervillous inflammatory response often 
occurss with infiltration of mononuclear inflammatory cells33-34. 

Untill  recently, the mechanisms through which placental parasite sequestration occurs 
havee been unclear. Studies in Malawi and Kenya, however, have identified strains of para-
sitee which are pregnancy specific and may be selected by their ability to adhere to chon-
droitinn sulphate A (CSA) on the syncytiotrophoblast3536. 

PreventionPrevention of falciparum malaria 

Chemoprophylaxis Chemoprophylaxis 
Thoughh most countries in malaria endemic areas of sub-Saharan Africa have had policies 
forr the prevention of malaria in pregnancy, they have often been poorly implemented. 
Historically,, the mainstay of this prevention has been with weekly chloroquine prophy-
laxis,, but with increasing levels of resistance and poor adherence, this is inadequate in 
thee majority of countries. In parts of West Africa, weekly pyrimethamine prophylaxis has 
beenn used for many years. Though initially highly effective37, high levels of parasite 
resistancee have rendered this approach ineffective. Proguanil is safe in pregnancy but 
needss to be given daily, and must be preceded by effective parasite clearance38. Fort-
nightlyy pyrimethamine-dapsone (Maloprim), has been shown to be effective in increasing 
birth-weightt and reducing anaemia in primigravidae in The Gambia39. In South-East Asia 
andd in Malawi, weekly prophylaxis with mefloquine has been effectively used40,41. 

ProblemsProblems with the available chemopropkylaxis 
Att the time when this work commenced, there were many unresolved issues regarding 
thee efficacy and effectiveness of antimalarial chemoprophylaxis: 
i)) It was argued that there was inadequate evidence on which to base policies for preven-

tingg malaria in pregnancy, and there had been a call for large scale placebo controlled 
interventionn studies addressing the effectiveness of different antimalarial regimes on 
importantt maternal and perinatal outcomes42. 

2)) Lack of an appropriate drug: the main-stay of prevention of malaria in pregnancy had 
beenn with weekly chloroquine. However, the increase in chloroquine resistance in 
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manyy areas had reduced its prophylactic efficacy. The only other drug that was recom-
mendedd as prophylaxis during pregnancy was proguanil, which is expensive and 
needss to be taken daily. 

3)) Problems of delivery of regular antimalarials and poor adherence: even in areas where 
theree was sensitivity to chloroquine, many problems remained regarding the effecti-
venesss of prophylaxis. The antimalarials need to be given and taken regularly. In 
manyy parts of sub-Saharan Africa women only attend antenatal care once or twice. 
Evenn when they attend and supplies are available, adherence is not guaranteed. In 
Malawi,, only 36% of women being given chloroquine chemoprophylaxis had evidence 
off  chloroquine in the urine, implying very low adherence43. 

PotentialPotential  alternative interventions 

PreventativePreventative intermittent treatment 

Mostt of the drugs used for the treatment of chloroquine resistant malaria have too many 
sidee effects if given as weekly prophylaxis. If an antimalarial is effective when taken peri-
odicallyy in doses sufficient to clear parasitaemia, and needs only be given twice during 
pregnancyy it would be a safer alternative to regular weekly prophylaxis. This would also 
meann it could be given when women come to the antenatal clinic, thereby improving 
adherence.. It had been shown in 1994 in Malawi, that Sulfadoxine-pyrimethamine (SP) 
givenn twice during pregnancy (one dose in the second trimester and one dose in the third 
trimester)) had a significant effect on reducing placental parasitaemia44. It was considered 
necessaryy to determine if this regime of preventative intermittent treatment is effective in 
preventingg severe maternal anaemia. Malaria control advisors at WHO were supportive 
off  a further study to be undertaken, evaluating this regime. 

InsecticideInsecticide treated bed-nets 

Insecticidee treated bed-nets are effective at reducing exposure to biting mosquitos, and so 
cann substantially reduce the number of infective bites received. Whether this reduction in 
thee number of sporozoite inoculations results in less morbidity depends on many factors, 
includingg the endemicity of the malaria and the individuals' pre-existing immunity. 
Insecticidee treated bed nets (ITBN) can reduce severe morbidity and mortality from 
malariaa in children45. However, it was still not known whether this form of malaria con-
troll  would be effective in pregnant women in sub-Saharan Africa. A study in a mesoen-
demicdemic malarious area of the Thai-Burmese border had found that insecticide treated bed 
netss resulted in a significant reduction in maternal anaemia, despite a marginal effect on 
peripherall  parasitaemia. 

DETECTIONN OF SEVERE ANAEMI A IN PREGNANCY 

InIn addition to preventing severe anaemia, it is important that there is improved detection 
andd treatment. Currently, accurate diagnosis of anaemia depends on blood testing. Many 
healthh facilities are unable to perform blood testing on all women attending for antenatal 
care.. It is therefore important to develop an instrument that is non-invasive and relatively 
loww cost that can detect women at risk of severe anaemia. Many health facilities rely on 
pallorr testing for diagnosing anaemia. However, there are very few published studies in 
whichh the sensitivity and specificity of this have been investigated in large numbers of 
pregnantt women in a developing country setting. In addition, there has been littl e work 
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donee to investigate the possible use of other non-invasive screening tools, based on, for 
example,, a combination of history and examination. 

CONCLUSIONS S 

Priorr to the start of this work, there remained fundamental inadequacies in our under-
standingg of severe anaemia and malaria in pregnancy. These related to the following 
mainn areas: 
i)) The importance of malaria as a cause of severe anaemia in pregnancy in women of 

differentt gravidities. 
2)) The identification of effective ways of preventing severe anaemia secondary to malaria 

inn pregnancy. 
3)) The inter-relationship between maternal malaria, severe anaemia and birth weight. 
4)) The contribution of severe anaemia to poor health. 
5)) Ways to diagnose of severe anaemia in pregnancy in areas where blood testing was 

nott available. 

STUDYY OBJECTIVES 

Thee studies described in this thesis aimed to: 
1)) identify / confirm whether malaria is an important cause of severe anaemia in preg-

nancyy in women attending for antenatal care at Kilif i District Hospital, 
2)) measure in primigravidae the impact of the use of insecticide treated bed-nets (ITBN) 

on n 
a)) prevalence of severe anaemia in the third trimester of pregnancy 
b)) prevalence of peripheral parasitaemia in the third trimester of pregnancy 
c)) prevalence of placental malaria infection 

3)) measure in primigravidae the impact of between one and three doses of sulfadoxine-
pyrimethaminee compared with placebo, in a population with ITBN and a population 
withoutt ITBN on: 
a)) prevalence of severe anaemia in the third trimester of pregnancy 
b)) prevalence of peripheral parasitaemia in the third trimester of pregnancy 
c)) prevalence of placental malaria infection 

4)) determine the contribution of placental malaria to severe maternal anaemia and low 
birthh weight across all gravidities in order to evaluate the potential benefits of routine 
preventivee strategies for malaria in pregnancy, 

5)) investigate the interrelationships between maternal haemoglobin, birth weight, pla-
centall  malaria infection in primigravidae and multigravidae, 

6)) describe the consequences of severe maternal anaemia in terms of morbidity and 
women'ss quality of life, enabling other potential benefits of preventing malaria and 
severee anaemia to be evaluated, 

7)) develop a non-invasive screening tool based on women's history and basic examina-
tionn that can be used in the absence of routine antenatal haemoglobin estimation, to 
diagnosee women at high risk of being severely anaemic, 

8)) disseminate the findings of the intervention trials to those working in Reproductive 
Healthh and Safe Motherhood as well as those working in Malaria Control. 
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STUDYY SITE 

Thee studies were all conducted in Kilif i District, on the Kenyan Coast, situated between 
Mombasaa and Malindi. This area of Kenya has perennial transmission of Plasmodium fal-
ciparumciparum with two seasonal peaks in the principal vectors, An. gumbiae and An.Junestus, 
betweenn June-August and during January, coinciding with the 2 rainy seasons. On aver-
agee individuals can expect to receive 10 infective bites per person per annum46,47. 

Thee population of Kilif i district is made up of Mijikenda people of whom 90% are the 
Giriama48. . 

Alll  of the antenatal clinic based components of the study are conducted from Kilif i 
Districtt hospital. This hospital has a busy antenatal clinic with an average of 900 women 
fromm a predominately rural population attending each month. In addition, 2 of the stud-
iess {the study of intermittent SP and the screening study for severe anaemia) also 
recruitedd women attending for care at Vipingo Health Centre, half way between Kilif i 
townn and Mombasa. It is estimated that at least 90% of women attend for antenatal care 
att least once during their pregnancy in Kilif i district49. 

Thee standard antenatal care when the study was planned was to give women ferrous 
andd folate supplements. Chloroquine prophylaxis for pregnant women had been stopped 
inn the Province the year before this study commenced, as it was believed to be no longer 
effective. . 

KENYAA MEDICAL RESEARCH INSTITUTE / WELLCOME-TRUST RESEARCH UNIT 

Theree is a well-established research unit based at the site of Kilif i District Hospital, 
undertakingg research on malaria under the scientific leadership of Professor Kevin 
Marsh.. There was a large community randomised study assessing the impact of insecti-
cidee treated bednets on childhood severe morbidity and deaths, which commenced at the 
timetime this work was being proposed under the leadership of Professor Bob Snow. This pre-
sentedd an ideal opportunity for collaborating to look at the impact of ITBN on pregnancy 
outcome.. Most other work taking place in the KEMRI unit at that time related to the man-
agementt of severe malaria in children. 

ETHICALL APPROVAL 

Alll  of the studies have ethical approval from both the London School of Hygiene and 
Tropicall  Medicine Ethics committee and the Kenya Medical Research Institute National 
ethicall  review committee. 
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THEE THESIS IS DIVIDED INTO THE FOLLOWING CHAPTERS: 

Chapterr  i: provides background on the importance of malaria and severe anaemia in 
pregnancy,, the preventable causes of severe anaemia and potential ways of preventing 
malariaa in pregnancy. It also outlines the objectives of the study in Kilifi , Kenya. 
Chapterr  2: summarises the findings of a preliminary study on thee aetiologies of anaemia 
inn pregnancy in Kilif i Kenya. Malaria was found to be an important cause of severe anae-
miaa in primigravidae. 
Chapterr  3: summarises the findings of a community randomised controlled trial of insec-
ticidee treated bednets on the prevention of malaria and severe anaemia among primi-
gravidd women. 
Chapterr  4: summarises the findings of a double blind randomised placebo controlled 
triall  of preventative intermittent treatment with sulfadoxine-pyrimethamine on the preva-
lencee of severe anaemia and malaria in pregnancy. 
Chapterr  5: investigates the relationship between placental malaria, low birth weight (< 
25oog)) and maternal anaemia in women of all parities in order to determine whether 
multigravidaee are likely to benefit from antimalarial interventions as well as primigravi-
dae. . 
Chapterr  6: describes the psychological, social and physical morbidity associated with 
severee anaemia in pregnancy. 
Chapterr  7: investigates and compares alternative non-invasive ways of screening for 
severee anaemia in pregnancy of potential use in areas where there are limited facilities 
forr testing blood. 
Chapterr  8: summarises and discusses the findings and policy implications of the studies. 
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ABSTRACT T 

AA study was undertaken in order to determine the prevalence and aetiology of anaemia in 
pregnancyy in coastal Kenya, so as to establish locally important causes and enable the 
developmentt of appropriate intervention strategies. 275 women attending the antenatal 
clinicc at Kilif i District Hospital, were recruited in November 1993. The prevalence of 
anaemiaa (haemoglobin [Hb] < ng/dl) was 75.6%, and the prevalence of severe anaemia 
(Hbb < 7g/dl) was 9.8% among all parities. 15.3% of 73 primigravidae were severely anae-
mic,, compared with 7.9% of 202 multigravidae (p=o.c>7). 

Inn primigravidae, malaria infection {P. falciparum) was strongly associated with mod-
eratee and severe anaemia (X2 test for trend p=o.oo3). Severe anaemia was more than 
twicee as common in women with peripheral parasitaemia as in those who were aparasi-
taemic,, and parasitaemia was associated with a 2.2g/dl decrease in mean haemoglobin 
levell  (p < 0.001). 

Inn multigravidae, iron deficiency and hookworm infection were the dominant risk 
factorss for anaemia. Folate deficiency and HIV infection were not strongly associated 
withh anaemia. It is suggested that an intervention that can effectively reduce malaria 
infectionn in primigravidae could have a major impact on the health of these women and 
theirr infants. 
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INTRODUCTION N 

Severee anaemia in pregnancy is defined by the World Health Organisation as a haemo-
globinn level of less than 7g/dl (WHO, 1989). It is a major preventable contributor to 
maternall  morbidity and mortality, being associated with a high risk of cardiac failure and 
shock,, and rendering women less able to withstand even moderate blood loss at delivery 
(Lawsonn 1967). Anaemia in pregnancy causes considerable incapacity to women from 
tiredness,, lassitude, breathlessness, and decreased ability to work (WHO, 1979). It is also 
associatedd with adverse perinatal outcomes (Brabin 1991). 

Thee aetiology of anaemia in pregnancy is multifactorial, with the prevalence and 
causess varying considerably in different areas of the world. Causes that have been 
reportedd in sub-Saharan Africa are malaria, iron deficiency (often exacerbated by hook-
wormm infestation), folate deficiency, haemoglobinopathies and HIV infection (Fleming 
1989).. Most large scale anaemia prevention programmes have concentrated on iron and 
folatee deficiency, without addressing other potentially important "non-nutritional" causes 
off  anaemia in pregnancy. What is still not well documented is the relative importance, 
fromm a public health point view, of malaria as a cause of maternal anaemia. We aimed to 
lookk at this by assessing the local prevalence and causes of anaemia and severe anaemia 
onn the Kenyan Coast, with a view to determining priorities for preventative strategies. 

MATERIALSS AND METHODS 

Thee study was based at Kilif i District Hospital (KDH), 50km north of Mombassa, on the 
Kenyaa Coast. This area of Kenya has perennial transmission of Plasmodium falciparum 
withh two seasonal peaks in prevalence of the principal vectors, Anopheles gambiae and A. 
funestus,funestus, in June-August and during January, coinciding with the 2 rainy seasons. On 
average,, individuals can expect to receive 10 infective bites per person per annum (Mbogo 
etet ah, 1995). The time in which the study was conducted was a period of low malaria 
transmission,, at the end of thee dry season. The study area and its malaria epidemiology 
havee been described elsewhere (Snow et al.., 1993). 

Kilif ii  District Hospital has a busy antenatal clinic with on average of 900 women 
fromm a predominantly rural population attending every month. Women attending the 
antenatall  clinic were recruited over a four week period in November 1993. All women 
whoo participated in the study gave full informed consent. 15 women were recruited each 
day,, which included all first attenders, with the remainder being a random selection of re-
attenders.. Obstetric and a menstrual histories were taken, women were examined to 
establishh gestational age, and a sample of venous blood was collected. A full blood cell 
countt was performed on a model M530 Coulter Counter. Thick and thin blood films were 
preparedd for the detection of malaria parasites, using standard Giemsa staining, counting 
parasitess per 200 white cells, and calculating counts per microlitre from the white blood 
celll  count; 100 high-power microscope fields were examined to confirm that a film was 
negative.. Blood was tested for HIV antibody status using the membrane based assay 
'HIVCHEK',, (Ortho Diagnostic Systems, France). The testing was anonymous, with the 
sampless being analysed only after all identifying features had been removed, making 
linkagee of the results to individual women impossible. Additional investigations were 
performedd on a random selection of women: 187 women were tested for red cell folate 
measuredd by radio-immuno assay, and 217 for serum ferritin, using Melisa enzyme-
linkedd immunosorbent assay (Cambridge Life Sciences pic). Stool samples were 
requestedd from all of the study women, and 251 (91%) returned a stool specimen. Stool 
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microscopyy was performed using the McMaster technique with egg counts estimated per 
gramme. . 

Statisticall  analysis was carried out using the SPSS computer programme. For contin-
uouss variables, means of the different groups were compared using regression methods. 
Chi-squaredd tests were used to investigate the association between groups of discrete var-
iables. . 

RESULTS S 

CharacteristicsCharacteristics of the study population 
Twoo hundred and seventy-five antenatal clinic attenders were recruited into the study, 2 
womenn refused. Of those recruited, 73 (26.5%) were primigravidae, 155 (56.4%) were gra-
vidityy 2-5 and 47 (17.1%) were in their 6th or more pregnancy. Women of all gestational 
agess were recruited, ranging from 12 weeks to term, the mean and median gestational 
agee both being 26 weeks. Primigravidae and multigravidae had similar gestational ages at 
recruitment.. The majority of women (82.2%) attended clinic for a routine check, 16.7% 
becausee they were sick and only 1% were referred from peripheral health units. Analysis 
didd not show any association between the reason for attendance and either haemoglobin 
levell  or malaria parasitaemia. 

Figuree 1 Percentagee of women with severe anaemia (haemoglobin < 7g/dL) by gravidity. 

HaemoglobinHaemoglobin levels 
Twoo hundred and eight women (75.6%) were anaemic (Hb < n g/dl) and 27 (9.8%) were 
severelyy anaemic (Hb < 7g/dl). Primigravidae had a somewhat higher prevalence of 
severee anaemia than multigravidae, 15.1% (n/73) compared to 7.9% (16/202) (p=o.07). 
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Thee approximately U-shaped distribution of severe anaemia in different parity groups 
(Fig.. 1), showed that primigravidae and women in their 6th or more pregnancy had a 
higherr prevalence of severe anaemia. 

Malaria Malaria 
Sixty-fivee women (23.6%) had P. falciparum in their peripheral blood. Primigravidae had 
higherr rates of parasitaemia (33%) than multigravidae {20%) (p=o.04). When parasitae-
miaa was present, primigravidae tended to have much higher densities of parasites than 
multigravidae,, the geometric mean being 1749 parasites/!̂ in parasitaemic primigravi-
daee compared to 371 parasites/ul in parasitaemic multigravidae (p < 0.001). 

Reportedd fever during the pregnancy was common, with 139 (51%) women giving a 
historyy of fever at some time during the pregnancy, of whom 52 (37%) reported having 
hadd fever many times. Reported fever was not associated with the presence of either anae-
miaa or malaria parasitaemia. 

MalariaMalaria  and Anaemia 
Inn primigravidae, P. falciparum infection was strongly associated with anaemia (Table 1, 
X22 test for trend p=o.oo3) and the mean haemoglobin was 2.23g/dl lower in women with 
parasitaemiaa than in those without (95% CI 1.21- 3.25, p<o.ooi). Severe anaemia was 
moree than twice as common in primigravidae with peripheral parasitaemia than in those 
without,without, though the difference did not reach statistical significance (rate ratio 2.45, 95% 
CII  0.83-7.23). In multigravidae parasitaemia was not significantly associated with anae-
miaa (Table 1; X2 test for trend p=o.62) or severe anaemia (rate ratio 0.91, 95% CI 0.27-
3.03),, and it was associated with a mean haemoglobin level only o.29g/dl lower than that 
inn those without parasitaemia (95% CI 0.31-0.89, p=o.34). 

Tablee 1 Materna l haemoglobi n in relatio n to the presenc e of periphera l P.falciparu m parasitaemi a 

Haemoglobi nn level (g/dl ) 

Gravidaa 1 

Parasitaemic c 

Nott parasitaemic 

Gravidaa > l 

Parasitaemic c 

Nott parasitaemic 

No.. o f subject s 

24 4 

49 9 

41 1 

161 1 

>11 1 

11 (4%) 

18(37%) ) 

88 (20%) 

400 (25%) 

7-10.9 9 

17(71%) ) 

266 (53%) 

300 (73%) 

1088 (67%) 

<7 7 

66 (25%) 

55 (10%) 

33 (7%) 

133 (8%) 

IronIron  deficiency 
Onee hundred and sixty three of 217 sera tested had ferritin levels below i2ng/ml, with 
onlyy 39 (18%) being in the normal range (12 - 3ong/ml) and 15 (6.9%) being above 3ong/ 
ml.. Serum ferritin levels were significantly higher in women with P.falciparum infection, 
irrespectivee of parity (p < 0.001): of 168 women with no parasitaemia, mean serum ferri-
tinn level was 7.03 ng/mL (95% CI 5.78-8.28), compared to the mean level in 53 women 
withh parasitaemia, 26.42 (95% CI 17.78-35.06). Women with parasitaemia accounted for 
80%% of the high serum ferritin levels. Figure 2 shows the distribution of ferritin accord-
ingg to haemoglobin level in women with and without parasitaemia. In women with no 
parasitaemia,, low serum ferritin was associated with a mean haemoglobin level of 9-38g/ 
dl,, compared to n.o2g/dl in women with a normal ferritin values and 9-75g/dl in those 
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withh a high ferritin levels (p < o.ooi). In women with malaria parasitaemia, mean hae-
moglobinn levels in those with high, normal and low serum ferritins values were 8.64g/dl, 
9.28g/dll  and 8.64g/dl respectively (p=o.52). 

Hookworm Hookworm 
Off  the 251 women examined 188 (74.9%) had hookworm eggs in their stool. There was a 
largee range in hookworm egg counts (40 - 7000 eggs/g of faeces), with 30% of women 
withh eggs in their stool (22% of women overall) having > 1,000 eggs/g. The egg counts, 
haemoglobinn levels and gravidity are shown in Table 2. Women with higher hookworm 
eggg counts were significantly more anaemic, with egg counts tending to be higher in 
multigravidae.. When all gravidities were analyzed together, an egg count > 1000 eggs/g 
wass associated with a mean haemoglobin that was o/79g/dl lower than that in those with 
ann egg count of < 1000 eggs/g (p=o.oo4). In multigravidae the difference was o.82g/dl, 
andd in primigravidae o.75g/dl. 

Tablee 2 Median hookwor m eggs count s in relatio n to haemoglobi n and gravidit y 

Haemoglobi nn level (g/dL ) 

Primigravidae e 
Multigravidae e 

>11 1 

150(n=17) ) 

2000 (n=46) 

7-10.9 9 

200200 (n=38) 
3355 (n=126) 

< 7 7 

2000 (n=11) 
7000 (n=l3) 

P* * 

0.48 8 
0.01 1 

** Krushkal-Wallis test 

FolateFolate deficiency 
Eightt of the 184 women tested (4.3%) had red-blood cell folate (RBCF) levels below the 
normall  lower limit (no ng/ml). Red-blood cell folate levels were negatively correlated 
withh haemoglobin level (p=o.02; Table 3). This negative correlation was found in both 
parasitaemicc and non parasitaemic primigravidae and multigravidae. Parasitaemic 
womenn had a higher mean red cell folate level (294 ng/ml) than those without parasitae-
maii  (26ong/ml) though this difference was not statistically significant (p = 0.27). 

Tablee 3 Mean red cell folat e level s (ng/ml ) in relatio n to haemoglobi n and malari a parasitaemi a 

Haemoglobi nn level (g/dL ) 

Women n 
All l 
Parasitaemic c 
Nott parasitaemic 

>n n 

240 0 
273 3 
234 234 

7-10.9 9 

264 264 

293 3 
256 6 

< 7 7 

359 9 
340 0 
365 5 

P P 

0.02 2 
0.884 4 
0.013 3 

HIVHIV  infection 
Nineteenn of the 274 women tested (6.9%) were HIV positive and 3 (15.8%) of them had 
severee anaemia compared with 9.4% (24/255) of women with no HIV infection (p = 
0.41).. 6 of the women who were HIV positive (31.6%) had malaria parasitaemia com-
paredd with 66 (25.5%) of those who were HIV negative (p = 0.56). 
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Associationn between severum ferritin and haemoglobin in women with (A) and without (B) peripheral 
P.falciparumP.falciparum parasitaemia. 

DISCUSSION N 

Thiss study confirmed that anaemia is a major problem among pregnant women in the 
Coastt of Kenya, primigravidae and grand-multigravidae having the highest prevalence of 
severee anaemia. 

Thee causes of anaemia are multifactorial. Malaria was the main cause of anaemia and 
severee anaemia among primigravidae, being associated with a reduction of haemoglobin 
off  more than 2g/dl. 

Inn areas where malaria is endemic, infection with P.falciparum in pregnancy is great-
estt in primigravidae with the prevalence and intensity of parasitaemia decreasing with 
increasingg gravidity (McGregor & Smith, 1952; McGregor, 1984; Steketee & Breman, 
1988;; Greenwood et ah, 1989). The reasons why primigravidae have a greater predisposi-
tionn to P.falciparum infection remains uncertain. The importance of malaria as a cause of 
anaemiaa in pregnancy in this Kenyan population is supported by the tendency of primi-
gravidaee to have more severe anaemia than any other gravidity group. This has been 
foundd in other malarious areas (Van Dongen and Van't Hof, 1983; Brabin et ah, 1990; 
Jacksonn et ah, 1991). By contrast, in non-malarious areas, anaemia usually increases as 
gravidityy increases, with primigravidae being the least anaemic group. This is presuma-
blyy because iron deficiency tends to increase as gravidity increases (Isah et ah, 1985). 

Severall  studies have shown that, in areas where malaria is endemic, effective antima-
lariall  chemoprophylaxis started before 24 weeks of gestation, prevents the development 
off  severe anaemia in primigravidae (Gilles et ah, 1969; Kortmann 1972; Fleming & Gha-
touraa 1986; Mutabingwa et ah, 1993). The antimalarial drugs shown to be effective in 
thesee studies were chloroquine and pyrimethamine (Gilles et ah, 1969), chloroquine 
alonee (Kortmann 1972), chloroquine and proguanil (Fleming et ah, 1986) and proguanil 
withh and whithout chloroquine (Mutabingwa et ah, 1993). In a large community-based 
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studyy in The Gambia, comparing antenatal administration of maloprim or placebo every 
twoo weeks, an overall improvement of haemoglobin level was observed in the chemo-
prophylaxiss group among primigravidae but not multigravidae (Greenwood et al, 1989). 
Wheree the prevalence of malaria parasitaemia is lower, chemoprophylaxis has not effect 
onn maternal haemoglobin level (Hamilton et al, 1972, Jackson and Lathan 1982). A 
recentt review of randomised controlled trials of chemoprophylaxis of malaria in preg-
nancyy has been published by Garner and Brabin in (1994). 

Despitee evidence for its important role in the prevention of severe anaemia in primi-
gravidae,, most countries currently lack policies for the delivery of effective antimalarial 
drugss to pregnant women. This is mainly due to the difficulty in identifying drugs which 
fulfi ll  the requirements of being safe for the mother and fetus, effective as an antimalarial 
compound,, acceptable to the women and affordable. With increasing chloroquine resist-
ancee in many parts of the world, compounded by frequently poor compliance due to its 
bitterr taste, chloroquine prophylaxis is often no longer effective. In Malawi, compliance 
withh a weekly chloroquine regime was only 36%, and its efficacy 8% (Heyman et al, 
1990).. Daily proguanil may be an effective alternative which was shown to have good 
compliancee in the studies discussed above, but it remains expensive for routine distribu-
tion.. Many of the newer antimalarial drugs (such as mefloquine) are prohibitively expen-
sivee for routine use in developing countries, or remain untested in pregnancy (such as 
halofantrine).. On presently available evidence, fortnightly maloprim seems to offer the 
mostt feasible and effective means of preventing malarial anaemia. However, in Malawi a 
twoo doses' regimen of sulphadoxine-pyrimethamine, one dose given in the second tri-
mesterr and one in the third, was found to be effective at reducing placental parasitaemia 
(Schultzz 1994). Further studies to examine the impact of sulphadoxine-pyrimethamine 
onn malaria are required, and two such studies are being carried out in Kenya, one in Kis-
umuu (in an area of high transmission) and one in Kilif i (by the authors of this paper), 
withh the main outcome measure being the effectiveness of the regime in preventing 
severee maternal anaemia in primigravidae. 

Otherr important preventable causes of anaemia in pregnancy in this population are 
ironn deficiency and hookworm infestation. More than 75% of women tested were iron 
depletedd (ferritin < i2ng/ml). Serum ferritin is both an indirect measure of iron stores 
andd an acute phase reactant We found that both low and high serum ferritin were associ-
atedd with a lower mean haemoglobin level. Malaria parasitaemia was strongly positively 
associatedd with serum ferritin, and 80% of women with high serum ferritin values had 
malariaa parasitaemia, so malaria is likely to confound the association between serum fer-
ritinritin  and haemoglobin. Interpretation of these results is therefore difficult, and serum 
ferritinn levels probably underestimate the prevalence of iron deficiency. Additionally, it is 
possiblee that iron replete individuals are more prone to malaria infection, for which there 
iss some evidence in young children (Smith et al, 1989; Oppenheimer et al, 1986). In 
aparasitaemicc women, low serum ferritin levels were associated with haemoglobin levels 
onn average i.64g/dl lower then those in subjects with normal serum ferritin values. The 
majorityy of women (89%) with low serum ferritin were not severely anaemic, though it is 
possiblee that many may have become more anaemic as their pregnancies progressed. 

Hookwormm infection was highly prevalent in this community, with 75% of women 
havingg hookworm eggs in their stools. Over 22% of women had an egg count of 1000 
eggs/gg or more, and this was associated with a mean haemoglobin level of o.79g/dl lower 
thann in those with egg counts of less than 1000 eggs/g. Interestingly, multigravidae had 
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higherr egg counts than primigravidae, presumably due to increased exposure with 
increasingg age, and an increasing number of infected children in the compound. In preg-
nantt women, many of whom are already iron deficient, hookworm infection is probably a 
significantt contributor to anaemia. 

Malariaa infection has been shown to be an important risk factor for folate deficiency, 
ass haemolysis stimulates erthroid hyperplasia and so increases the requirement for folate 
(Flemingg 1989). However, only 4.3% of women in this study had folate deficiency. This 
loww level of folate deficiency may be explained by a diet that is rich in folic acid, with dark 
greenn leafy vegetables being eaten regularly by most women. Alternatively it may also be 
thatt red cell folate levels in such a population do not give a true picture of folate status. 
Wee observed an association between high red cell folate levels and parasitaemia and this 
hass been found previously (Fleming et al., 1984,1986; Bradley-Moore et al, 1985). It has 
beenn suggested that malaria parasites may synthesize folate (Bradley-Moore et al., 1985). 
Wedd also observed an association between anaemia and high red cell folate in both parasi-
taemicc and aparasitaemic women of all gravidities. It is likely that in this severely iron 
deficientt population, this association was due to iron deficiency increasing red cell folate 
level,, as has been reported by Omer et al., (1970) and Saraya et al., (1973). 

HIVV infection was detected in 6.9% of the population tested. The proportion of 
womenn with malaria or severe anaemia was higher in the group of women who were HIV 
positive,, although the association did not reach statistical significance. In Malawi, HIV 
infectionn has been shown to be associated with malaria parasitaemia (Wirima et al., 
1993),, and HIV infection has frequently been shown to be associated with anaemia (Dou-
kas,, 1992). 

CONCLUSION N 

Thiss population has high prevalences of anaemia and severe anaemia in pregnancy. Iron 
deficiencyy and hookworm were the main factors associated with anaemia in multigravi-
dae,, whereas in primigravidae malaria parasitaemia was the most important risk factor 
identified.. The prevention of severe anaemia could have a major impact on the health of 
pregnantt women and could contribute to a reduction in maternal mortality. There is an 
urgentt need for studies to identify effective means of preventing the severe anaemia sec-
ondaryy to malaria infection in pregnancy. 
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SUMMARY Y 

Thee effectiveness of insecticide-treated bednets (ITBN) in preventing malaria and anae-
miaa among primigravidae living in Kilif i District, Kenya, was assessed by a randomised 
controlledd trial between September 1994 and November 1995. All residents within 28 
communityy clusters received ITBN in July 1993, whilst residents of another 28 clusters 
servedd as contemporaneous controls. All resident primigravid women attending antena-
tall  care at Kilif i District Hospital, with singleton pregnancies, were eligible for recruit-
ment.. 503 primigravidae were recruited. 91.4% were anaemic antenatally (Hb < ng/dl): 
91.0%% from the intervention arm and 92.0% from the control arm. Severe anaemia (Hb 
<< 7g/dl) was found among 15.1% of intervention women and 20.1% of control women (p 
== 0.28). No significant differences were observed in reports of febrile illness or the pres-
encee of chloroquine in the serum or peripheral parasitaemia during the third trimester 
betweenn the two groups. In the women delivering in hospital (n=i3o), there was no asso-
ciationn between placental malaria infection and the intervention: 77.4% of placentas from 
controll  women had evidence of past or active infection, compared with 72.0% of placen-
tass from intervention women (p=o.76). Similarly, in the women delivering in hospital, 
ITBNN did not improve birth weight, and there were no differences in perinatal mortality 
betweenn the two study groups. Despite ITBN having a great impact on childhood severe 
malariaa and mortality in this transmission setting, there was very littl e impact of ITBN on 
thee morbidity associated with malaria infection in primigravidae. Alternative strategies 
aree required to tackle this continued public health problem for pregnant women living in 
endemicc areas similar to the Kenyan Coast. 
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INTRODUCTION N 

Wheree Plasmodium falciparum malaria is endemic, immunity to malaria develops over 
thee first few years of life, and older children and adults rarely suffer severe complications 
off  malaria. An exception is during pregnancy. It has long been recognised that malaria 
parasitaemiaa is more prevalent, with higher parasite burdens, in pregnant compared with 
non-pregnantt women (McGregor 1984, Brabin 1983) and that the increase in prevalence 
andd density of parasitaemia is greatest in primigravidae and decreases as gravidity 
increasess (McGregor 1984, Steketee & Breman 1988). 

Inn endemic areas, the most important effect of P. falciparum infection in pregnant 
womenn is on haemoglobin, and in much of sub-Saharan Africa malaria is the main cause 
off  severe anaemia in pregnancy particularly in primigravidae (Gilles et ai. 1969, Fleming 
1989aa Fleming 1989b, Shulman 1993). In a previous study in Kilif i (Shulman et al. 1986) 
wee found the main risk factor for severe anaemia (Hb < 7g/dl) in primigravidae was con-
currentt peripheral malaria parasitaemia, this being associated with an average 2.23g/dl 
declinee in haemoglobin. As anaemia in pregnancy due to malaria infection characteristi-
callyy presents later than peak parasitaemia (Gilles et al. 1969, Brabin 1983), cross sec-
tionall  studies such as these may under- estimate the relationship between parasitaemia 
andd anaemia. 

Malariaa in pregnancy also affects the feto-placental unit, a mean birth weight approxi-
matelyy 150 gms lower being observed in primigravidae with parasitised placentas com-
paredd with primigravidae with non-parasitised placentas (McGregor 1983, Brabin 1991). 
Loww birth weight is the most important risk factor for neonatal and early infant mortality 
(McCormickk 1985, Greenwood et al 1992). 

Inn areas where malaria is epidemic and unstable, such as South East Asia, P. falci-
parumparum is associated with an increased incidence of spontaneous abortion and stillbirths 
(WHOO 1991, Nosten et al. 1991). Data from endemic areas are few but higher stillbirth 
ratess have been found in women with severe anaemia and concurrent malaria parasitae-
miaa (Brabin 1991), and in Sudan the risk of stillbirth was increased among women who 
reportedd malaria attacks in the 1st and 2nd trimester (Taha EX. & Gray 1993). 

Thee mainstay of the prevention of malaria and the sequelae of malaria infection in 
pregnancyy has been antimalarial chemoprophylaxis taken during pregnancy. Controlled 
trialss have shown that such chemoprophylaxis given to primigravidae can result in a 
decreasee in placental parasitaemia (Morley et al 1964, Steketee et al. 1996a), reduce the 
incidencee of low birth weight neonates (Morley et al. 1964, Steketee et al. 1996b, Mutab-
ingwaa et al. 1993) increase mean maternal haemoglobin (Greenwood et al. 1989) and if 
givenn early in the second trimester can prevent the development of severe haemolytic 
anaemiaa (Gilles et al. 1969, Kortmann 1972, Fleming & Ghatoura 1986). Although the 
benefitss of prophylaxis with an effective drug seem clear, the problems of poor compli-
ancee (Heymann et al. 1990) and increasing antimalarial drug resistance have led to the 
searchh for alternative preventative strategies. Of particular interest are insecticide treated 
bednetss (ITBN), which have led to major reductions in childhood morbidity and mortality 
whenn introduced to malaria endemic communities (Alonso et al. 1991, Neville et al. 1996, 
Binkaa et al. 1996). During a recent study of the effects of ITBN upon childhood mortality 
andd severe malaria morbidity in Kilif i District (Nevill et al. 1996) we conducted this addi-
tionall  study on the effects of reducing parasite exposure upon the adverse consequences 
off  malaria in pregnancy. 
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MATERIALSS AND METHODS 

StudyStudy area and population 
Thiss study was conducted between September 1994 and November 1995 in Kilif i District, 
60kmm north of Mombasa on the coast of Kenya. Malaria transmission at Kilif i is typical of 
largee parts of sub-Saharan Africa. There is perennial transmission of Plasmodium falci-
parumparum with two seasonal peaks in the principal vectors from the An. gambiae s.1. complex, 
betweenn June - August and during November - December, coinciding with the 2 rainy 
seasonss {Mbogo et al. 1995, Snow et al. 1993) On average, individuals can expect to 
receivee 10 infective bites per person per annum (ranging from 1 every 2 years to nearly 60 
perr person per year). 

Thee study women came from a rural population that had already been randomised to 
receivingg or not receiving insecticide treated bed-nets as part of a trial assessing the effect 
off  ITBN on childhood mortality and severe malaria in children {Nevill et al. 1996). As 
partt of the trial, a surveillance system was established, which involved mapping and enu-
merationn of over 5,000 households, as has been described elsewhere (Snow et al. 1993). 
Thee area was subdivided along administrative boundaries within its 3 divisions, into 56 
zoness of approximately 1000 individuals each. Within each division, zones were ran-
domisedd into those where all households received bednets and those where no house-
holdss received bednets. In households selected to receive bednets, sufficient nets were 
distributedd for all members of the household. Green nets, size 190 x 180 x 150cm were 
impregnatedd with permethrin to achieve a target dose of o-5g permethrin per m2 of net-
tingg (Nevill et al. 1996). Randomisation and distribution of nets was completed by August 
1993.. Education regarding the correct hanging and handling of nets, was performed in 
thee home at the time of and following distribution. Posters were used and group discus-
sionss were held throughout the trial, with school based plays and interactive learning ses-
sionss being introduced from June 1994 (Marsh et al. 1996). Nets were re-treated every 6 
months,, immediately before the rains in April and October. The bednet trial continued 
untill  October 1995, after which time, nets were distributed to all households in the con-
troll  area. 

Thee majority of the population live within 2 km of a bus stage with regular transport 
too Kilif i District Hospital. It is estimated that at least 90% of women attend for antenatal 
caree at least once during their pregnancy in Kilif i District (Kirumbi et al. 1996). The 
majorityy of women from the study area attend for antenatal care at Kilif i District Hospital. 
Theree are, in addition, 2 dispensaries within the study area that provide antenatal care to 
women.. These clinics carry out approximately 15% of the antenatal care within this area. 
Womenn attending for care at these dispensaries are referred at their first attendance, for 
investigationss at the antenatal clinic at Kilif i District Hospital. 

RecruitmentRecruitment and Data collection 
Ethicall  clearance was granted by the Kenyan Medical Research Institute and by the Ethi-
call  Committee of the London School of Hygiene and Tropical Medicine. Women were 
recruitedd when they attended for antenatal care at Kilif i District Hospital. All primigravid 
womenn or women with a previous history of a pregnancy that had not gone beyond 12 
weeks,, with a singleton pregnancy, who came from the study area, were eligible for 
recruitment.. 9.5% of the women recruited had been referred from one of the 2 dispensa-
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ries.. Informed consent was obtained from all women after explanation of the study in 
theirr first language. 

Att the recruitment visit, a questionnaire was completed with information on the 
woman'ss and her partner's education status, occupation and socio-economic status, along 
withh bednet utilisation and pregnancy history. Gestational age was assessed by a midwife 
whoo asked about last menstrual period and measured symphysis-fundal height. A venous 
bloodd sample was taken for full blood count in the third trimester (between 28 and 34 
weekss gestation) or at any time that a woman was suspected of being severely anaemic. At 
thiss time, a retrospective history was taken of drug use and illness episodes during the 
pregnancyy (including both self and health personnel diagnosed malaria). Blood was also 
testedd for malaria parasites and plasma was stored for measurement of chloroquine. HIV 
statuss was determined in all women with testing beingg anonymous with linkage only pos-
siblee once the names of the women had been destroyed after completion of the study. All 
womenn with an Hb of less than iog/dl were given haematinics and all women with a pos-
itivee slide were treated with sulfadoxine-pyrimethamine (SP). All women found to be 
severelyy anaemic (Hb < 7g/dl) were also given SP irrespective of the result of their 
malariaa smear, based on the assumption that some of those with a negative smear would 
bee likely to have placental parasitisation. 

Forr women delivering in hospital, maternal blood was taken for haemoglobin and 
peripherall  parasitaemia, and a placental smear and biopsy were taken for parasitological 
andd histological assessment of malaria. At the time of delivery, cord samples were taken 
forr haemoglobin and malaria parasites, and birth weight recorded. 

Alll  women were visited at home at least 4 weeks (range 4 weeks to 9 months) after 
theirr expected date of delivery to ascertain birth outcome in terms of stillbirths, neonatal 
deathss and maternal deaths. 

LaboratoryLaboratory  methods 
Fulll  blood counts were performed on a model M530 Coulter Counter. Thick and thin 
bloodd films were prepared for the detection of malaria parasites, using standard Giemsa 
staining,, counting parasites per 200 white cells, and calculating counts per microlitre 
fromm the white cell count. 100 high power fields were read to confirm a negative film. 
HIVV testing was done using an IgG capture gelatin particle adherence test (GACPAT), 
(Parryy & Mortimer 1989). Plasma chloroquine assay was performed using ELISA (Witte 
AMM  et al. 1990). Placental biopsies were prepared as described previously (Bulmer et al. 
1993aa and 1993b) and were categorised as showing: active malaria infection (where para-
sitess in maternal erythrocytes in the intervillous space were seen, usually in association 
withh pigment in erythrocytes and monocytes in the intervillous space); active-chronic 
infectionn in which pigment was also identified in fibrin; past-chronic infection in which 
malariaa pigment was only seen within fibrin or cells within fibrin; or negative where nei-
therr parasites or pigment were seen. 

StatisticalStatistical  methods 
Dataa entry, validation and cleaning were carried out using D Base IV. Statistical analysis 
wass carried out using STATA (release 4.0 1995, Stata Corporation, Texas, USA). Analysis 
wass on an intention to treat basis. In addition, a comparison was carried out between 
womenn from the intervention arm who used their net at least 5 times in the previous 
weekk and control arm women without nets. 
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Tablee 1 Characteristic s of the stud y populatio n 

Ethnicc group 
Gyriama a 

Religion n 
Traditional l 

Christian n 
Moslem m 

Femalee literacy (literate) 

Woman'ss education 
noo schooling 
Primaryy education 
postt primary education 

Husbandss education 
noo schooling 
Primaryy education 
Secondaryy education 
tertiaryy education 
nott known 

Married d 

Ownershipp (at least one of: a cow, a bicycle, a 
radioo a latrine) 

Midd upper arm circumferance (mean) 

Contro ll  n = 231 

2288 (98.7%) 

866 (37.9%) 
1133 (49.8%) 
28(12.3%) ) 

1344 (58%) 

788 (33.8%) 
1466 (63.2%) 

77 (3.0%) 

14(6.1%) ) 
1222 (53.3%) 
44(19.2%) ) 

155 (6.6%) 

344 (14.8%) 

197(85.7%) ) 

143(61.9%) ) 

23.733 (SD1.88) 

Interventio nn n = 272 

2633 (96.7%) 

944 (34.9%) 
1422 (52.8%) 

333 (12.3%) 

158(58.1%) ) 

877 (32.0%) 
1588 (58.1%) 

277 (9.9%) 

200 (7.4%) 
1322 (48.7%) 

577 (21-0%) 
188 (6.6%) 

44(16.2%) ) 

2300 (83.9%) 

189(69.5%) ) 

23.877 (SD 2.01) 

Becausee this was a community randomised trial, the analysis outcomes which applied to 
thee whole study population were looked at by cluster with appropriate tests for the differ-
encess between intervention and control groups being based on between cluster informa-
tionn (Donner & Klar 1994). For each outcome of interest, the proportion of affected 
comparedd with non-affected were calculated for each cluster, and the mean proportion for 
thee study groups determined. Odds ratios were calculated from the proportions and t 
testss used to assess significance (at the 5% level) of differences. For continuous variables, 
meanss of the different groups were computed per cluster and the overall mean in the 
studyy groups determined. To identify if there was any confounding, for each potential 
confounderr an adjusted odds ratio was determined using the Mantel Haenzel technique 
andd compared with the unadjusted odds ratio. The sample size was calculated to enable 
detectionn of a halving of the prevalence of severe anaemia, an increase in mean haemo-
globinn of o.75g/dl and a 30% reduction in the prevalence of placental malaria infection 
withh 80% power and 95% confidence. 

RESULTS S 

5033 primigravidae were recruited antenatally: 231 {45.9%) controls and 272 (54.1%) inter-
ventionn women. 462 (91.8%) had a blood test in the third trimester for haemoglobin and 
peripherall  parasitaemia. 130 (25.8%) delivered in hospital and 497 (98.8%) were followed 
upp at least 4 weeks post delivery. Table 1 is a description of the socio-demographic charac-
teristicss of the women recruited. 
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ANTENATA L L 

MaternalMaternal  anaemia  and malaria 
Thee effects of thee intervention on anaemia and malaria are summarised in Table 2. This 
informationn is based on 219 (94.8%) women from the control arm and 243 (89.3%) 
womenn from the intervention arm who had a blood test. 

Tablee 2 Insecticid e treate d bednet s and antenata l outcomes , analyse d on an intentio n to trea t basis , 
takin gg clusterin g int o accoun t 

severee anaemia (Hb < 7g/dl) 
peripherall parasitaemia 
malariaa / febrile illness 

Contro l l 

20% % 
35% % 
27% % 

ITBN N 

15% % 
3 1 % % 
3 1 % % 

Oddss Ratio 
(unadjusted ) ) 

95%% CI 

0.69(0.34,1.38) ) 
0.833 (0.48, 1.44) 
0.85(0.47,1.55) ) 

Oddss Ratio 
(adjusted ) ) 

95%% CI 

0.711 (0.44,1.14) 
0.755 (0.52,1.10) 
0.955 (0.66,1.37) 

pp value * 

0.15 5 
0.12 2 
0.78 8 

** p valu e for adjuste d OR 

Theree was a high prevalence of anaemia in this population with 91.4% of women being 
anaemicc (Hb < ng/dl), 91.0% in control clusters and 92.0% in intervention clusters. 
17.5%% of women were severely anaemic overall (Hb < 7g/dl). There was less severe anae-
miaa among the intervention clusters (15.1% intervention, 20.1% control), though this dif-
ferencee was not statistically significant (adjusted OR 0.71, 95% CI 0.44-1.14). Mean 
haemoglobinn was 8-7ig/dl (SE 0.12) within the intervention arm and 8.36g/dl (SE 0.21) 
withinn the control arm (95%CI -0.15-0.85, p=o.i6). 

Theree was littl e difference between the reporting of "malarial illness" (self and health 
personnell  diagnosed) between the 2 groups (adjusted OR 0.95, 95% CI 0.66-1.37) or in 
thee prevalence of peripheral parasitaemia in the third trimester (adjusted OR 0.75 95% CI 
0.52-1.10). . 

Theree was an association between the reporting of malarial illness and positive serum 
chloroquine:: 11% of women with a history of malarial illness were positive for chloro-
quinee compared to 4% of those without (p=o.oi), but there was no association between 
thee presence of chloroquine in the blood and the intervention. 

Tablee 3 shows the effect of the intervention comparing women from the intervention 
armm who used their nets more than 5 times in the previous week (n=i83) compared with 
womenn from the control arm who did not have a net (n=207). 

AntenatalAntenatal  treatment 
30.9%% of women in the control arm received sulfadoxine-pyrimethamine (SP) antenatally 
(forr a positive malaria slide or Hb <rj  at the time of this blood test) compared with 25.3% 
inn the intervention arm (p = 0.48). 

MaternalMaternal  HIV 
Off  the 443 samples tested for HIV, n (2.7%) were positive. The prevalence was slightly 
higherr in the intervention compared with the control women (3.4% compared with 1.9%) 
butt this difference was not significant (adjusted OR 1.02, 95% CI 0.98-1.05). Controlling 
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{0.44, , 

(0.42 2 

(0.50, , 

0.75 5 
1.11) ) 
0.67 7 

1.07) ) 
0.88 8 

1.54) ) 

0.27 7 

0.09 9 

0.65 5 

Tablee 3 Insecticid e treate d bed nets and antenata l outcomes , comparin g net users fro m the 
interventio nn arm to control s withou t bednets . 

Contro ll  ITBN Odds Ratio Odds Ratio p value 4' 
nn = 207 n = 183 (unadjusted ) (adjusted ) 

95%% CI 95% CI 

severee anaemia (Hb<7g/d l ) 20% 15% 0.72 

(0.36,1.43) ) 
peripherall parasitaemia 35% 32% 0.87 

(0.50,1.53) ) 
malaria/febrilee illness 3 1 % 28% 0.90 

(0.50,1.61) ) 

** p value for adjusted OR 

forr HIV in the analysis did not alter the association between the intervention and anae-
miaa or malaria. 

DELIVERY Y 

1300 women delivered in hospital: 55 (23.8%) from control and 75 (27.6%) from the inter-
ventionn areas. As the numbers were small, analysis was undertaken using individuals 
ratherr than community clusters as the unit of analysis. 

PlacentalPlacental malaria infection 
AA blood smear was made from the placenta of 120 women at the time of delivery and a 
biopsyy on 128 placentas (Table 4). Whilst only 12 (10.2%) placental blood smears were 
positivee for either parasites and/or pigment, 95 (74.2%) placentas had histological evi-
dencee of placental malaria infection. 

Tablee 4 Insecticid e treate d bednet s and placenta l malari a infectio n 

Contro ll  Interventio n Risk Ratio 95% CI p valu e 

2.388 0.65-10.0 0.29 

0.755 0.35-1.85 0.76 

placentall smear 
positive e 

placentall histology 
positivee (total) 

activee alone 
active/chronic c 
chronicc alone 

nn = 52 
33 (5.8%) 

nn = 53 
411 (77.4%) 

22 (3.8%) 
177 (32.1%) 
222 (41.5%) 

nn = 71 
99 (12.7%) 

nn = 75 
544 (72.0%) 
133 (17.3%) 
188 (24.0%) 
233 (30.7%) 

Off  the 118 placentas examined by both blood smear and histology only 11/43 (25.6%) of 
thosee with active infection by placental histology had a positive placental blood slide. Con-
versely,, one placental smear showed pigment where placental histology was negative. All 
womenn with a peripheral parasitaemia at the time of delivery had positive placental histol--
ogy:: 13/15 having active infection and 2/15 having past chronic infection. Only 13/44 
(29.5%)) women with active placental infection had a concurrent positive peripheral para-
sitaemia.. There was no statistical difference in the placental infection rates as judged by 
eitherr parasitology or histology between intervention and control women (Table 4). 28.1% 
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(36/128)) of the population who had placental histology performed had received SP at the 
timee of their antenatal blood test. Controlling for the use of SP in the analysis made no 
differencee to the effect of the intervention on placental malaria infection. 

BirthBirth  weight 
Theree was no association between the intervention and birthweight, mean birthweight 
beingg 2.8kg (SE 0.06) in both intervention and control women delivering in hospital. 
Controllingg for use of SP antenatally did not alter this. Surprisingly, there was also no 
associationn detected between placental histological or smear findings and birthweight. 

PerinatalPerinatal  outcome 
Outt of the 497 women followed up, there were 31 stillbirths, 41 perinatal deaths (still-
birthss and deaths within the first 7 days of life) and 14 neonatal deaths (live births that 
diedd within the first 28 days of life). As only 4 of these neonatal deaths occurred after 7 
dayss of age, and were split equally between intervention and control arms, data has been 
presentedd on perinatal deaths only. There were somewhat fewer reported stillbirths to 
womenn from the intervention compared with control clusters: 45 per 1000 women fol-
lowedd up compared with 70 per 1000 (adjusted OR 0.67, 95% CI 0.19-2.32, p = 0.51), 
althoughh there was no difference in the perinatal death rate (stillbirths plus deaths within 
thee first week of life): 75 per 1000 women followed up from intervention clusters and 80 
perr 1000 women followed up from control clusters. 

MaternalMaternal  deaths 
Theree were 4 deaths among the women recruited antenatally. One death was from severe 
anaemiaa and malaria, in a woman who was recruited on the day of admission to hospital 
att 24 weeks gestation. One death was due to eclampsia (in-patient), one from breast can-
cerr post-delivery and one was a road traffic accident during pregnancy. 

DISCUSSION N 

Thee most important development in the control of malaria over recent years has been the 
introductionn of insecticide treated bed-nets which have been shown to reduce severe mor-
bidityy and mortality from malaria in children under a range of endemicities (Alonso et al. 
1991,, Nevül et al. 1996, Binka et al. 1996). It has been unclear whether this form of 
malariaa control is effective in pregnant women in sub-Saharan Africa. A study in a mes-
oendemicc malarious area of the Thai-Burmese border found that insecticide treated bed-
netss resulted in a significant reduction in maternal anaemia, despite a marginal effect on 
peripherall  parasitaemia (Dolan et al. 1993). A recent study in The Gambia (where there is 
onee single, short malaria season per year) demonstrated a reduction in severe anaemia in 
thee dry season and fewer pre-term deliveries in the rainy season amongst women ran-
domisedd to receive insecticide treated bednets (D'Alessandro et al. 1996). A study from 
Northernn Ghana, where there is intense, seasonal malaria transmission, showed no 
impactt of ITBN in pregnant women on maternal anaemia, peripheral parasitaemia or low 
birthh weight (Browne, E.N.L., Abstract from 18th African Health Sciences Congress). 

Similarlyy our study showed no statistically significant beneficial effect of ITBN on 
maternall  anaemia, malaria infection or perinatal outcomes, despite the population hav-
ingg a high prevalence of: maternal anaemia (91-4% Hb < ng/dl, 17.5% Hb < 7g/dl), pla-
centall  malaria infection (74.2% by histology) and low birth weight (23.8% among women 
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deliveringg in hospital). Given the associations between malaria, severe anaemia and low 
birthh weight, effective prevention of malaria in this population would be expected to have 
aa major impact on the health of the women and their babies. 

Itt could be argued that the observed difference in severe anaemia between the 2 
groupss (20.1% control, 15.1% intervention) may be a real finding, but that the power of 
thee study to detect such a difference was too low. Indeed to detect a difference of this 
degreee with 90% power would have needed a sample size of 2,500 primigravidae, ie the 
studyy would have needed to continue for 5 years or the population of the bednet study 
increasedd to 300,000. However, it seems unlikely that a true effect has been missed 
becausee there was also littl e difference between the groups, when a higher haemoglobin 
cutt off (Hb < 8g/dl) was used: control 37%, intervention 32%, (RR 0.86, 95% confidence 
intervall  0.67-1.11). Furthermore, given the lack of effect of the intervention on the preva-
lencee of peripheral parasitaemia or placental malaria infection, it seems unlikely that a 
truee effect on anaemia has been missed. There was also no effect when women who 
claimedd to use their nets from the intervention arm were compared with women who did 
nott own a net in the control arm, suggesting that the lack of effect was not due to poor 
compliance.. These results contrast with the impressive impact of ITBN on infection rates 
(Snoww et al. 1996), entomological inoculation rates {Mbogo et al. 1996) and childhood 
morbidityy and mortality in this population (Nevill et al. 1996). 

Thee findings in this study differ from those of the studies conducted in The Gambia, 
withh its low and highly seasonal transmission, and the Thai-Burmese border, with its very 
loww transmission, but are consistent with observations made in Ghana (intense seasonal 
transmission). . 

Thee most plausible explanation for this lack of effect is that in higher transmission 
settingss or where there are prolonged seasons of P. falciparum, ITBN alone are not able to 
preventt the adverse effects of malaria in pregnancy. Bednets do not completely prevent 
transmissionn but reduce the incidence of new infections. In Kilif i this reduction is 
approximatelyy 50% as measured by infant parasite and immunoglobulin M rates (Snow 
etet al. 1996). Malaria associated childhood illness and death is an immediate consequence 
off  transmission, and the major impact of bednets in children is by reducing the incidence 
off  these acute infections. The situation in pregnancy is rather different: it has been sug-
gestedd that the placenta is an immunologically privileged site which enables infection 
withh malaria parasites to be amplified (Menendez et al. 1995). As pregnancy puts women 
att risk for a prolonged period of time, it seems likely that a much more complete reduc-
tionn in transmission, probably following effective parasite clearance, is required to have 
anyy significant impact on malaria morbidity. 

Itt is important that the effectiveness of ITBN in preventing childhood malaria deaths 
doess not result in inappropriate assumptions regarding their effectiveness in pregnant 
women.. This could lead to a dangerous neglect of the need to explore urgently other con-
troll  strategies for this high risk group. 
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SUMMARY Y 

Background::  In areas of endemic transmission, malaria in pregnancy is associated with 
severee maternal anaemia and low-birthweight babies. We studied the efficacy of intermit-
tentt treatment doses of sulphadoxine-pyrimethamine (SP) in preventing malaria and 
severee anaemia in pregnancy in a double-blind placebo-controlled trial among primi-
gravidd women living in Kilif i District, Kenya. 
Methods::  Between January, 1996, and April, 1997, 1264 primigravid women were 
recruitedd when they attended for antenatal care, and randomly assigned sulphadoxine-
pyrimethaminee {640) or placebo (624). Women received one, two, or three doses of study 
medicationn depending on the duration of gestation at enrolement. Primary outcome 
measuress were severe anaemia (haemoglobin < 8g/dL) and malaria parasitaemia, 
assessedd at 34 weeks of gestation. Analyses were based on intention to treat among 
womenn who had study blood tests at 34 weeks. 
Findings::  30 (5.3%) of 567 women in the sulphadoxine-pyrimethamine group and 199 
{35.3%)) of 564 in the placebo group had peripiheral parasitaemia (protective efficacy of 
85%,, [95% CI 78-90], p < 0.0001). 82 (14.5%) and 134 (23.7%) had severe anaemia (pro-
tectivee efficacy 39% [95% CI 22- 52], p < 0.0001). Even women who booked late and 
receivedd only one dose of sulphadoxine-pyrimethamine benefited significantly from the 
intervention.. The effects were seen both in women who owned insecticide treated bed-
netss and in women who did not. 
Interpretation:: Intermittent presumptive treatment with sulphadoxine-pyrimethamine is 
ann effective, practicable strategy to decrease the risk of severe anaemia in primigravidae 
livingg in malarious areas. 
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INTRODUCTION N 

InIn areas where infection with Plasmodium falciparum is endemic, immunity to malaria 
developss over the first few years of life, and older children and adults rarely suffer severe 
complicationss of infection. An exception is during pregnancy, when risks of maternal 
anaemia1,2,33 and low-birthweight4,5,6 are increased by malaria infection7. The risks are 
greatestt in the first pregnancy and decrease with increasing gravidity7,8,9. Because infec-
tionn is symptomless in most cases10 treatment of symptomatic episodes only will miss the 
majorityy of infections. Many peripheral-blood slides are negative, despite the presence of 
sequesteredd parasites in the placenta11,12,13. Previous trials have shown that malaria che-
moprophylaxiss given to primigravidae, is associated with less placental parasitaemia, a 
lowerr proportion of low-birthweight babies14,15,16,6, and higher mean maternal 
haemoglobin17;; such prophylaxis may prevent severe haemolytic anaemia1,18,19. Chloro-
quinee has been the main drug used in sub-Saharan Africa. However, there are now very 
highh rates of drug resistance20,6 and poor compliance is common21. Many countries no 
longerr recommend chloroquine prophylaxis during pregnancy. Consequently, new pre-
ventivee strategies have been sought22. 

Possiblee strategies include other forms of malaria control such as insecticide-treated 
bednetss or a different drug regime. Two studies of insecticide-treated bednets (ITBN) 
carriedd out in areas of low malaria transmission23,24, showed some reduction in anaemia 
duringg pregnancy when nets were used. In areas of higher transmission, however, there 
wass no benefit on maternal health,1325 despite a significant decrease in childhood mortal-
ityy and morbidity26,27. 

Wee studied whether, in primigravidae, a regimen of between one and three presump-
tivee treatment doses of sulphadoxine-pyrimethamine (SP) in the second trimester and 
earlyy third trimester of pregnancy, would prevent severe maternal anaemia in late preg-
nancy.. Prevention of this disorder would be likely to have significant benefit for the 
motherr and child7,28. Previous work in Malawi showed that such a regime had a signifi-
cantt effect on placental parasitaemia29. We also compared the effects of this intervention 
inn a population that had previously received insecticide-treated bednets, and a population 
thatt had not. 

PARTICIPANTSS AND METHODS 

StudyStudy  population  and area 
Thee study took place in 1996-1997 in Kilifi , a mainly rural district on the coast of Kenyan. 
Transmissionn of Plasmodium falciparum is perennial with two seasonal peaks (June -
Augustt and November - December30,31). The transmission intensity is higher in the 
southh of the District that in the north. The point prevalence of infection in 1-9-year-old 
childrenn was 74% in Kilif i south (hyper-holoendemic) and 49% in Kilif i north (meso-
hyperendemic)32.. A previous study in the area3 showed that pregnant women had a high 
prevalencee of severe anaemia; the prevalence was twice as high in primigravid as in mul-
tigravidd women. Iron deficiency was very comment in this population (75% of women 
hadd serum ferritin < 12 ng/ml), as was hookworm infestation (75% of women had hook-
wormm eggs in their faeces). In primigravidae, the presence of peripheral parasitaemia was 
thee main determinant of severe anaemia. 

Off  the study population, 80% lived in rural areas - roughly half of these were from 
Kilif ii  south and half from Kilif i north. Most of the rural population from Kilif i north had 
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takenn part in a previous community randomised study of insecticide-treated bednets27. 
Repeatt dipping of bednets in insecticide continued every 6 months throughout the study 
periodd at several sites within the original bednet study area. 

Design Design 

Too be eligible, a woman had to be attending the antenatal clinic at Vipingo Health centre 
(Kilif ii  south) or Kilif i District Hospital (Kilif i north), and primigravid with a singleton 
pregnancyy between 16 and 30 weeks' gestation. Exclusion criteria were multiple preg-
nancy,, haemoglobin below 6g/dL, severe pre-eclampsia, a clinical diagnosis of malaria, 
ann intrauterine fetal death, or a previous suspected reaction to a sulpha drug. Written 
informedd consent was obtained from all participants. Ethical clearance was granted by 
thee Kenyan Medical Research Institute / National ethical review committee and the Lon-
donn School of Hygiene and Tropical Medicine. A safety monitoring committee was estab-
lished. . 

Womenn were individually randomised to sulphadoxine-pyrimethamine (SP) or pla-
cebo,, identical in appearance and taste. Participants were assigned unique identification 
numberss sequentially. All identification numbers had been randomly allocated to a 
numberr between o and 9, in blocks often. These numbers correspond to ten bottles, five 
off  which were randomly allocated to contain sulphadoxine-pyrimethamine and five pla-
cebo.. Questionnaires were pre-marked with this unique identification number and the 
bottlee number. The code relating bottle numbers to their contents, was retained by a stat-
isticiann and clinician at the research unit, who were not involved in the study. The investi-
gatorss remained unaware of the assigned group until after data collection and editing 
weree complete. 

Thee target number of doses of sulphadoxine-pyrimethamine or placebo depended on 
gestationn at recruitment - three doses for women recruited at 16-19 w e eks of gestation; 
twoo for those recruited at 20-26 weeks; and one for those recruited between 27-30 weeks. 
Alll  doses were given under observation at clinic visits. Women received 30 days' supply of 
ferrousferrous sulphate at each visit and continued to receive routine antenatal care from the 
hospitall  midwives. 

Att recruitment a standard questionnaire was administered on pregnancy history, his-
toryy of illnesses, drug use and educational attainment of the woman and her partner. 
Durationn of gestational was assessed by history of last menstrual period and ultrasonog-
raphy.. At each subsequent visit, women were asked about any possible drug reactions, 
andd further doses were withheld if they reported skin or systemic reactions thought to be 
relatedd to the study drugs. Information was recorded on antimalarial medication from 
public,, private, or traditional sectors and on whether the woman's family owned bednets. 

Att about 34 weeks of gestation, women completed the antenatal component of the 
studyy with a blood test for haemoglobin concentration, malaria slide, and haemoglobin 
electrophoresis.. HIV testing was done anonymously with linkage after deletion of per-
sonall  identifiers. At the time of this blood test, all women who were anaemic were treated 
andd followed up as appropriate, to reduce the likelihood of severe anaemia at the time of 
delivery.. Women with haemoglobin below iog/dL were given folic acid and ferrous sul-
phate.. Women with haemoglobin below 7g/dL or parasitaemia were given sulphadoxine-
pyrimethaminee and those with haemoglobin below 6g/dL were admitted to hospital. 



PREVENTINGG MALARIA IN PREGNANCY WITH SP 43 

16011 women screened 

3377 not eligible 

2688 > 30 weeks' gestation 

466 severe anaemia or 

clinicall malaria 

111 severe p re -ec lamps ia o r 

fetall death 

100 refused 

22 possible reaction 

tosu lphadrugs s 

12644 women randomised 

6244 assigned 

placebo o 

599 had no 

bloodd test 

dur ingg th i rd 

tr imester r 

5655 had blood test dur ing 

thirdd tr imester 

6400 assigned 

sulphadoxine-- pyr imethamine 

733 had no 

bloodd test 

dur ingg th i rd 

tr imester r 

5677 had blood test 

dur ingg third tr imester 

Triall Profile 

Iff  study nurses suspected severe anaemia before 34 weeks' gestation, haemoglobin was 
measuredd immediately. If the concentration was less than 7g/dl, other investigations 
weree performed and treatment given, as described for the 34-week visit. 

Fulll  blood counts were done on a model M530 Coulter Counter. Haemoglobinopa-
thiess were identified by haemoglobin electrophoresis. Thick and thin blood films were 
preparedd by standard giemsa staining, with counting of parasites per 200 white cells, and 
calculatingg counts per microlitre from the white-cell count. 100 high-power fields were 
readd to confirm a negative film. Evidence of HIV infection was sought by GACPAT (Pub-
licc Health Laboratory Service, London, UK).33 For women who gave birth in hospital, 
thickk blood smears were taken at the time of delivery from the maternal surface of the 
placentaa and examined for parasites and pigment by standard giemsa staining. Placental 
biopsyy samples were prepared and examined by two people as as described previously34. 
Womenn were seen at least 4 weeks after delivery, so that stillbirths, neonatal deaths, 
maternall  deaths, and maternal and neonatal morbidity could be ascertained. 

Statistics Statistics 

Dataa entry, validation, and cleaning were done with DBase IV. Statistical analysis was car-
riedried out with STATA (release 4.0) by intention to treat for women who had a blood test at 
344 weeks. The primary outcome was haemoglobin concentration below 8g/dL at 34 weeks 
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Tablee 1 Characteristic s of interventio n and contro l group s 

Demograph y y 
Ethnicc group - Mijikenda 
Married d 

Educatio nn statu s 
Ablee to read a letter 
Noo education 
Incompletee primary 

Primaryy complete 
Secondaryy complete 

Educatio nn statu s o f husban d / partners 2 

Abilityy to read 
Primaryy complete 
Secondaryy complete 

Socioeconomi cc statu s 
Ownss radio 
Latrinee in compound 

Housee walls made of coral / stone (i.e. not mud) 

Medica l l 
Sicklee cell trait3 

HIVV positive4 

Meann duration of gestation at recruitment (weeks) 

Medicatio nn taken durin g the pregnancy , befor e enrollmen t 
Sulphadoxine-pyrimethamine e 
Chloroquinee treatment 
Chloroquinee prophylaxis 

SPn=640 0 

5655 (88.3%) 
538(84.1%) ) 

3833 (59.8%) 
2066 (32.2%) 
2488 (38.8%) 
1111 (17.3%) 
755 (11.7%) 

5577 (93.5%) 
4222 (70.8%) 
1611 (27.0%) 

3588 (55.9%) 
3411 (53.3%) 
144144 (22.5%) 

811 (14.5%) 
299 (5.1%) 

23.0 0 

188 (2.8%) 
366 (5.6%) 
277 (4.2%) 

Placeboo n-623 1 

5600 (89.9%) 
506(81.2%) ) 

3700 (59.4%) 
2111 (33.9%) 
2433 (39.0%) 

109(17.5%) ) 
600 (9.6%) 

5411 (95.3%) 
417(73.4%) ) 
1588 (27.8%) 

3366 (53.9%) 
334334 (53.6%) 
1288 (20.6%) 

800 (14.3%) 
333 (5.8%) 

23.1 1 

12(1.9%) ) 
388 (6.1%) 
255 (4.0%) 

11 information available for only 623 of 624 women recruited 
22 relating to husband / partner placebo group n= 568, SP group n= 596 
33 placebo group n=56i, SP group n=557 
44 placebo group n=565, SP group n=57i. 

gestation.. Protective efficacy of sulphaxoxine-pyrimethamine compared with placebo for 
specificc endpoints was calculated from the risk ratios (RR's) for those endpoints: (protec-
tivee efficacy = ioo(i-risk ratio). Subgroup analyses were done on number of doses allo-
catedd and on areas of residence. For each potential confounder (educational status of 
womann and her partner, ownership of radio, type of house, marital status, number of 
otherr wives, sickle-cell trait, HIV infection, antimalarials received outside of the study 
protocol,, area of residence, and bednet ownership), an adjusted risk ratio estimated by 
thee Mantel-Haenszel technique was compared with the unadjusted risk ratio. For all such 
analyses,, crude and adjusted risk ratios showed no evidence of confounding, hence the 
riskk ratios presented are unadjusted. 

Thee sample size was based on that required to measure a 50% reduction in the pro-
portionn of women with haemoglobin below 8g/dL with 80% power at 5% significance, 
separatelyy for the population in the bednet study area and the population not in that study 
area.. We aimed to recruit 500 women from each area. However, a higher proportion of 
womenn than expected were not eligible because they were more than 30 weeks pregnant 



PREVENTINGG MALARIA I N PREGNANCY WITH SP 45 

Tablee 2 Effec t of intermitten t treatmen t dose s of sulphadoxine-pyrimetha m ine compare d wit h placebo , 
onn proportio n of wome n wit h sever e anaemi a (Hb < 8g/dl) . 

Al ll  participant s 

Byy dose s allocate d 
One e 
Two o 
Three e 

Residenc e e 
Rurall south 
Rurall north: 

Total l 
Withh ITBN 
Noo ITBN 

Urban n 

Sulphadoxine --
pyrimethamin e e 

82/5677 (14.5%) 

12/99(12.1%) ) 
50/3500 (14.3%) 
20/118(16.9%) ) 

36/198(18.2%) ) 

26/2433 (10.7%) 
12/1466 (8.2%) 
14/97(14.4%) ) 

20/126(15.9%) ) 

Placebo o 

134/5655 (23.7%) 

24/999 (24.2%) 
88/3788 (23.3%) 

22/888 (25.0%) 

61/2111 (28.9%) 

48/2366 (20.3%) 
27/148(18.2%) ) 

21/88(23.9%) ) 
25/117(21.4%) ) 

Protectiv ee efficac y [%) 
(95%% CI) 

399 (22 to 52) 

500 (6 to 73) 
399 (16 to 55) 

322 (-16 to 60) 

377 (10 to 56) 

477 (18 to 66) 
555 (15 to 76) 

400 (-11 to 67) 
266 (-26 to 56) 

P P 

<0.0001 1 

0.027 7 
0.002 2 
0.16 6 

0.011 1 

0.004 4 
0.011 1 
0.102 2 
0.271 1 

Forr placebo group: information as to residence available for only 564 of 565 with antenatal haemoglobin 
measurements.. ITBN = insecticide-treated bednet. 

att first attendance, so we recruited only 429 women from the population from the bednet 
studyy area, of whom 70% still used an insecticide-treated bednet. 

RESULTS S 

StudyStudy population 
16011 primigravid women attended clinic for the first time during the recruitment period 
(Figuree of trial profile). 337 were not eligible. Of the 1264 women assigned sulphadoxine-
pyrimethaminee or placebo, 233 (18%) were allocated 3 doses, 811 (64%) 2 doses, and 220 
(17%)) one dose. The study groups were similar in terms of ethnic group, education, socio-
economicc status, gestation at recruitment, HIV status, frequency of sickle cell trait and 
drugg history during the pregnancy (Table 1). 

Efficacy Efficacy 
Off  1264 women with a singleton pregnancy enrolled within the trial, 1132 (90%) had a 
studyy blood test: 1054 after 32 weeks' gestation, 66 at 28-32 weeks' gestation and 12 at less 
thann 28 weeks' gestation. There was no difference in duration of gestation at blood test 
betweenn the groups (p = 0.44), and the reasons for early blood testing were similar in 
bothh groups. Eleven women from the sulphadoxine-pyrimethamine group and 17 from 
thee placebo group had the study blood test early owing to severe anaemia or clinical 
malaria.. The most common reason for not having a study blood test was delivery before 
355 weeks' gestation (86 [65%] of 132). 

Onee hundred and eighteen (9.3%) women (59 from each group) did not take the 
numberr of doses that they had been allocated. There were no substantial differences 
betweenn the groups in the reasons for non-completion of the assigned course, and no 
seriouss adverse reactions to the medication. Four women in the sulphadoxine-pyrimeth-
aminee group and 3 in the placebo group had study medication suspended because of sus-
pectedd minor drug reaction. 
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Tablee 3 The effec t of intermitten t treatmen t doses of SP compare d wit h placebo , on periphera l 
parasitaemia . . 

Al ll  participant s 

Byy dose s allocate d 
One e 

Two o 

Three e 

Residenc e e 
Rurall south 

Rurall north 

Total l 

Withh ITBN 

Noo ITBN 

Urban n 

Sulphadoxine --

pyrimethamin e e 

30/5677 (5.3%) 

4/999 (4.0%) 

19/3500 (5.4%) 

7/118(5.9%) ) 

21/198(10.6%) ) 

4/2433 (1.7%) 

3/146(2.1%) ) 

11 /97 (1.0%) 

5/1266 (4.0%) 

Placebo o 

199/564(35.3%) ) 

27/999 (27.3%) 

134/2433 (35.5%) 

38/88(43%) ) 

100/210(47.6%) ) 

66/2366 (28.0%) 

36/1488 (24.3%) 

30/888 (34.1%) 

33/117(28.2%) ) 

Protectiv ee efficac y (%) 
(95%% CI) 

855 (78 to 90) 

855 (59 to 95) 
855 (76 to 90) 

866 (71 to 94) 

788 (66 to 85) 

944 (84 too 98) 

922 (73 to 97) 
977 (78 to 99) 

866 (65 to 94) 

PP value 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

<< 0.0001 

Forr placebo group: information as to residence available for only 563 of 564 with antenatal blood fi lm. 

ITBNN = insecticide-treated bednet. 

Amongg the 1132 women who had the third trimester study blood test, a significantly 
higherr proportion of the placebo group than of the sulphadoxme-pyrimethamine group 
weree anaemic (haemoglobin < ng/dl: 460 [81%] vs 431 [76%], p = 0.026). Presumptive 
treatmentt with sulphadoxine-pyrimethamine also led to a lower rate of severe anaemia 
(Hbb < 8g/dL) with an overall protective efficacy of 39% (95% CI 22-52), and an absolute 
riskrisk difference of 9.2% (p < 0.0001, table 2). Efficacy was high and was significant even 
off  only one dose of medication was given. (p=o.o27). The overall effect was similar in 
bothh rural populations, including the women who still had insecticide-treated bednets, 
thoughh urban women did not seem to derive as much benefit from the intervention as 
rurall  women did (table 2). In some of these subsets, however, the sample sizes were 
small,, so the statistical power was low. 

Wee also examined the effect of the intervention by place of recruitment (Vipingo or 
Kilif ii  District Hosputal). There was less anaemia with sulphadoxine-pyrimethamine than 
withh placebo in subgroups except women who gave an address from Kilif i south, but who 
attendedd the clinic in Kilif i District Hospital. In that subgroup, 16 (22%) of 73 women in 
thee sulphadoxine-pyrimethamine group and 8 (11%) of 71 in the placebo group had severe 
anaemiaa (p=o.c>7). By contrast, the effect of the intervention in the rural population of 
Kilif ii  south who went to Vipingo clinic was large: 20 (16%) of 125 in the sulphadoxine-
pyrimethaminee group versus 53 (39%) of 137 in the placebo group had severe anaemia, 
givingg a protective efficacy of 59% (p < 0.0001). 

Meann haemoglobin concentration was significantly higher in the sulphadoxine-
pyrimethaminee group than in the placebo group: mean 97g/dL [SD 1.76; range 2.7-14.6], 
vss 9.3g/dL [SD 1.85; range 3.4-14.5], p < 0.0001). 

11311 women had peripheral blood film results. Among these women, malaria parasi-
taemiaa was less common in the sulphadoxine-pyrimethamine group than in the placebo 
groupp with a protective efficacy of 85% (95% CI 78-90, p < 0.0001) (Table 3). The effect 
wass similar in all subgroups. 
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Tablee 4 The effec t o f intermitten t treatmen t dose s of sulphadoxin e pyrimethamin e compare d wit h 
placeb oo on postnata l outcom e 

Miscarriagess * 
Stillbirths s 
Perinatall deaths 
Neonatall deaths 

Sulphadoxine --
pyrimethamin e e 

4/6300 (0.63%) 
24/6266 (3.83%) 
39/6266 (6.23%) 
19/6022 (3.16%) 

Placebo o 

4/6155 (0.65%) 
26/6111 (4.26%) 
49/6111 (8.02%) 
30/5855 (5.13%) 

Protectiv ee efficac y (%) 
95%% CI 

2.77 (-287 to 76) 
0.44 (-2 to 3) 

222 (-17 to 48) 
388 (-8 to 65) 

P P 

0.97 7 
0.71 1 
0.22 2 
0.09 9 

** Delivery at less than 24 weeks' gestational age 

Theree was littl e difference between the groups in reported treatment-seeking behavior or 
medicationn during the study. Six women from the sulphadoxine-pyrimethamine group 
andd eight from the placebo group reported taking sulphadoxine-pyrimethamine, outside 
thee study protocol, and 69 and 61 women, respectively, reported taking chloroquine. 

Fivee of 29 HIV-infected women in the sulphadoxine-pyrimethamine group compared 
withh nine of 33 from the placebo group had haemoglobin less than 8g/dL, and three and 
tenn respectively, had peripheral parasitaemia. However, the differences were not signifi-
cant. . 

Amongg the women who gave birth in hospital, 16 (7.8%) of 205 in the sulphadoxine-
pyrimethaminee group and 29 (14.8%) of 196 in the placebo group had a placental smear 
positivee for malaria (protective efficacy 47% [6-70], p = 0.27); in 93 (45.4%) of 205 and 69 
(34.2%)) of 202, respectively, the placenta was negative for malaria on histology (protective 
efficacyy 17% [3-29], p = 0.021). 

PostnatalPostnatal  fallow-up 
Informationn on birth outcome was obtained from 1245 {98.5%) of women. There were 
fewerr stillbirths and neonatal deaths in the sulphadoxine-pyrimethamine group than in 
thee placebo group, consistent with a protective efficacy of 22% for perinatal deaths and 
38%% for neonatal mortality, though these differences were not significant (Table 4). There 
wass no difference in the proportion of women delivering prematurely or in the mean 
durationn of gestation at delivery between the groups. Of five babies who died and were 
reportedd to have been jaundiced, 3 were born to mothers who had not received sulphadox-
ine-pyrimethaminee during pregnancy and 2 were born to mothers who had received the 
drugss more than 6 weeks before delivery. 

Fivee women died, four in the placebo group (1 from chorio-amnionitis at 30 weeks 
gestation,, one with a history of acute abdominal pain antenatally, and 2 as a result of 
obstructedd labour) and one in the sulphadoxine-pyrimethamine group (with a history of 
severee pallor and acute diarrhoea at 30 weeks' gestation). Of these women the four who 
weree tested for HIV were negative. 

DISCUSSION N 

Inn this double-blind randomised controlled trial, presumptive treatment with sulphadox-
ine-pyrimethaminee greatly reduced the prevalence of severe anaemia, and was acceptable 
too women. Since the majority of primigravid women in Kenya attend for antenatal care 
(estimatess are 95% for women attending antenatal clinics at least once in Kilif i District)35 

andd sulphadoxine-pyrimethamine is cheap (each dose cost US$ 0.17), this regimen 
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shouldd be a practicable. The finding of significant benefit from the intervention in 
womenn who attended late in pregnancy and so were assigned only one dose (table 2), sug-
gestss that even these women can benefit from the intervention and that health-workers 
shouldd try as hard to give late attenders a single dose as to provide early attenders with 2 
orr 3 doses. However, the findings cannot be interpreted as meaning that one dose is suf-
ficientt treatment for all women. Women may develop severe life threatening anaemia 
secondaryy to malaria early in the second trimester, so presumptive treatment needs to be 
startedd as early as possible after 16 weeks of gestation. Furthermore, there may be differ-
encess between women who book for antenatal clinic late and women coming earlier in 
theirr pregnancy, for example, in the proportion with illness. This regimen has the advan-
tagee over chloroquine in that it is given to women when they attend antenatal clinics thus 
helpingg to avoid problems of compliance. 

Wee did not detect any serious side-effects in mother or infants, and there was no dif-
ferencee in minor adverse events between the groups. There is a small risk of adverse reac-
tionss to sulpha drugs36, and a theoretical risk of kernicterus if these drugs are used within 
aa short period before delivery37. However, in an area with endemic malarial transmission, 
andd much severe anaemia attributable to malaria in pregnancy, the benefits of this regi-
menn outweigh these potential risks. No increased risk of kernicterus has been seen in 
thiss or other studies of sulphadoxine-pyrimethamine use in pregnancy29,38,39. In our 
study,, however, only 42 women received the drugs less than 14 days before delivery; the 
meann time between the last dose and delivery was 56 days. Although these results are 
reassuring,, surveillance systems remain important for safety monitoring, if this regimen 
becomess routine. 

Thee rural population from the north had less anaemia than the southern population 
(tablee 2). These are geographically distinct populations, so there could be several reasons 
forr this difference, including intensity of malaria transmission32, variations in nutritional 
status,, and variations in hookworm prevalence. The absolute difference in rates of anae-
miaa between intervention and placebo groups was similar in all the rural sub-popula-
tions,, including the population with insecticide-treated bednets. This finding confirms 
previouss reports that bednets alone do not prevent the adverse outcomes of malaria in 
pregnancy13.. It also suggests that treatment with sulphadoxine-pyrimethamine is effec-
tivee in a range of transmission settings, though was not as effective in the urban popula-
tionss as in the rural populations. 

Thee only group of women who appeared to derive no benefit from the intervention 
weree women recruited at Kilif i District Hospital who gave an address in Kilif i South. The 
proportionn with anaemia among these women was similar to that in the urban popula-
tion;; these women may have been residing temporarily in the urban areas of Kilif i north. 

Severee anaemia in pregnancy has been reported as the main cause of up to 20% of 
maternall  deaths in some hospital series in sub-Saharan Africa40,41,42,43 and 11-13% i n c o m" 
munity-- based studies44,45. In Kilif i District Hospital, severe anaemia was judged to be the 
primaryy factor in 10 of 43 deaths over a 3-year period (EKD, CES unpublished). Severe 
anaemiaa is also associated with substantial maternal morbidity. Malaria infection and 
severee maternal anaemia are also risk factors for low-birthweight7, one of the main risk 
factorss for infant mortality46. On the assumption that without treatment, anaemia at 34 
weekss gestation will not resolve spontaneously, a decrease in the rate of severe anaemia in 
thee third trimester is likely to have a great public health impact. 
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Malariaa is an under-recognised cause of severe anaemia in areas of endemic transmis-
sion,, since it is generally asymptomatic and not associated with peripheral parasitaemia. 
Thee delay in the development of an effective regimen to prevent malaria in pregnant 
womenn since the emergence of widespread chloroquine resistance has resulted in much 
morbidityy and mortality. 

Unlikee previous policies for pregnant women, this regimen does not involve continu-
ouss prophylaxis and is therefore unlikely to contribute significantly to the emergence of 
drugg resistance. Use in pregnant women will form only a small part of total use. None-
theless,, the likely emergence of resistance to sulphadoxine-pyrimethamine is a concern, 
andd research to identify ways of preventing such resistance and of finding alternative 
treatments,, should continue in parallel with implementation of policy. 
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SUMMARY Y 

Background:: In areas of endemic transmission, malaria in pregnancy is associated with 
severee maternal anaemia and low birthweight babies. The prevalence of infection is high-
estt in primigravidae (PG), and hence control efforts are usually geared towards this high 
riskk group. Using a sensitive measure of placental infection, we investigated the relation-
shipp between active-acute, active-chronic and past placental infection with maternal anae-
miaa and low birthweight in women of all gravidities. 

Methods:: Between January 1996 and July 1997, 912 women delivering in Kilif i Dis-
trictt Hospital, Kenya, were recruited. Haemoglobin and peripheral malaria slides were 
takenn prior to delivery, placental biopsies and smears were taken at the time of delivery 
andd birthweight and maternal height and weight were measured soon after birth. Infor-
mationn was obtained on socio-economic and educational status. The association between 
placentall  malaria, severe anaemia and low birthweight were investigated for women of 
differentt gravidities. 

Findings:: By placental histology, the prevalence of active or past malaria in all gravidi-
tiess was high, ranging from 64% in primigravidae to 30% in gravidities five and above. In 
graviditiess 1-4, active malaria infection was associated with severe maternal anaemia, 
adjustedd OR 2.21 (95% CI 1.36, 3.61). There was a significant interaction between chronic 
orr past malaria and severe anaemia in their effects on birthweight, whereby the risk of 
loww birthweight was very high in women with both chronic or past placental malaria and 
severee anaemia: OR 4.53 (1.19,17.2) in primigravidae; 13.5 (4.57, 40) in gravidities 2-4. 

Interpretation:: In this area of moderate malaria transmission, women of all parities 
havee substantially increased risk of low birth-weight and severe anaemia as a result of 
malariaa infection in pregnancy. The risk of low birthweight is likely to be particularly high 
inn areas with a high prevalence of severe anaemia. 
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INTRODUCTION N 

InIn areas where Plasmodium falciparum is endemic, the main burden of malarial disease 
liess with children under the age of 10 years and pregnant women; older children and 
adultss rarely suffer from severe complications of infection. Pregnancy renders previously 
immunee women susceptible to maternal anaemia and low birthweight in response to 
malariaa infection (Brabin 1991). The low birth weight is a result of a combination of intra-
uterinee growth restriction and prematurity (Menendez et al. 2000). Infection is fre-
quentlyy asymptomatic (Steketee et al. 1996c). Consequently, treatment of only 
symptomaticc episodes will fail to treat most infections. Peripheral blood slides are often 
negative,, despite parasites being sequestered in the placenta (Ismail et al. 2000;; Shulman 
etet al. 1998). 

Epidemiologicall  data have shown that the risk of malaria infection falls with increas-
ingg gravidity (McGregor 1984), with primigravidae (PG) being at particularly high risk of 
infection.. It is also known, through randomised controlled trials, that antimalarial inter-
ventionss in PG can significantly reduce severe anaemia (Shulman et al 1999) and 
improvee birth-weight (Parise et al. 1998). The evidence for benefit in multigravidae (MG), 
however,, remains controversial, as a number of trials have limited recruitment to PG or 
PGG and secundigravidae (Gulmezoglu and Garner 1998). It is therefore not clear whether 
interventionss that are effective in PG should also be given to MG. Although the preva-
lencee of malaria infection is highest in PG, infection in multigravidae is not infrequent, 
butt it is not clear whether the pathological effects of malaria in infected women are also 
lesss severe in MG. 

Thee picture is further complicated by HIV infection, HIV- positive women having a 
higherr prevalence of placental malaria than HIV-negative women (Steketee et al. 1996a; 
Verhoefff  et al 1999). HIV-positive MG often have a similar prevalence of infection to 
HIV-negativee PG. This raises the question as to whether policies need to be adapted 
accordingg to HIV prevalence rates. 

Thee aim of this study was to determine the effect of malaria on birthweight and 
maternall  anaemia in women of different parity groups, in order to contribute to policy 
recommendationss regarding which parities are likely to benefit from preventative strate-
giess during pregnancy. We used placental histology, which is the most sensitive measure 
currentlyy available for the diagnosis of malaria in pregnancy. 

MATERIAL SS AN D METHODS 

StudyStudy  population  and area 
Thee study was conducted between January 1996 and July 1997 in the Maternity Depart-
mentt of Kilif i District Hospital, which handles approximately 1500 deliveries a year. Kilif i 
Districtt is a mainly rural district on the Kenyan Coast. Transmission of P. falciparum is 
perenniall  with two seasonal peaks between June and August as well as November and 
Decemberr (Snow et al 1997). 

RecruitmentRecruitment  and data collection 
Womenn were recruited if they were admitted in labour or went into labour during an 
antenatall  admission. Exclusion criteria were failure to give consent, twin pregnancy, sig-
nificantt antepartum haemorrhage or miscarriage (delivery before 24 weeks' gestation or 
still-birthh weighing less than 500g). Primigravidae from an ongoing antimalarial inter-
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ventionn study assessing the impact of intermittent treatment with sulphadoxine-
pyrimethaminee were also excluded (Shulman et al. 1999). For logistic reasons, we were 
unablee to recruit more than five women during a 24-hour period. Approximately 50% of 
alll  deliveries at the hospital were recruited. 

Womenn were recruited after giving full informed consent Ethical clearance was 
grantedd by the Kenyan Medical Research Institute National Ethical Review Committee 
andd the London School of Hygiene and Tropical Medicine. 

Bloodd samples were taken on admission for haemoglobin, malaria parasites and HIV 
testing.. The haemoglobin results were usually available within one hour of being taken, 
andd were used for the clinical management of the women. HIV testing was anonymous 
withh linkage only after deleting personal identifiers. Blood pressure was recorded on all 
women.. A diagnosis of hypertension in pregnancy was made if the diastolic blood pres-
suree was greater than 90 mmHg or the systolic pressure greater than 160 mmHg. 

Att delivery, placental samples were taken for smear and histological assessment of 
malaria,, and the baby was weighed by two independent observers to  5g, using digital 
scales.. The first weight was used if agreement was within 20g; otherwise weighing was 
repeatedd a third time by the project supervisor and the closest previous measurement was 
taken. . 

Followingg delivery, a standard questionnaire was administered on pregnancy history, 
educationn level and socio-economic indicators. Maternal height and weight were meas-
ured,, and body mass index (BMI) was calculated as kg/m2. 

LaboratoryLaboratory  methods 
Fulll  blood counts were performed on a model M530 Coulter Counter. Thick and thin 
bloodd films were prepared using standard Giemsa staining, counting parasites per 200 
whitee cells, and calculating counts per microlitre. 100 high power fields were read to con-
firmm a negative film. HIV was tested using an immunoglobulin G antibody capture parti-
cle-adherencee test (GACPAT) from the Public Health Laboratory Service, London, UK 
(Parryy and Mortimer 1989). Placental biopsies were prepared as described previously 
{Bulmerr et al. 1993a; Buhner et al. 1993b) and categorised as showing: (a) active-acute 
malariaa infection where parasites were seen in maternal erythrocytes in the intervillous 
space;; (b) active-chronic infection in which, as well as parasites, malaria pigment was 
identifiedd in perivillous fibrin. This is usually also accompanied by an accumulation of 
pigmentt laden monocytes in the intervillous space; (c) past infection, in which only 
malariaa pigment within fibrin was seen; or (d) negative, where neither parasites nor pig-
mentt were seen (Ismail et al. 2000). One biopsy was taken from near to the centre of 
eachh placenta, adjacent to the basal plate (maternal facing surface). 

DataData analysis  and statistical  methods 
Resultss for the principal outcomes, haemoglobin and birthweight, are presented as the 
proportionn of women with severe anaemia (Hb < 7g/dl) and babies of low birth-weight 
(<2.5kg),, and in the final analysis, mean birthweight is also presented. Stillbirths are 
omittedd from analyses with birthweight as outcome. 

Thee principal exposures were gravidity, placental malaria status (sub-divided into 
active-acute,, active-chronic and past infection), and severe anaemia (for the outcome of 
loww birthweight). Other potential risk factors / confounders considered were socio-eco-
nomicc factors (ethnic group, literacy, aspects of housing quality, ownership of a working 



PLACENTALL MALARIA, ANAEMIA A N D LOW BIRTHWEICHT 57 

Tablee 1 Principa l characteristics , by gravidity , o f the 910 stud y women . 

Characteristi c c Primigravida e e 
(n=268)) % 

Murtigravida e e 
(n=642)) % 

P-valuee for 
gravidit yy  chang e 

Ethnicc group 
Mijikenda a 
Other r 

Agee group 
Nott known 
14-19 9 
20-39 9 
300 and above 

Educationn & literacy 
Literate e 
Primaryy but illiterate 
Illiterate,, no schooling 

Corall house 
Housee with latrine 
Ownss radio 
Corall house + latrine + radio 
Bmii less than 20 kg/m2 

HIVV positive 
Pre-eclampsia a 
Severee anaemia (Hb < 7g/dl) 
Stillbirth h 
Loww birth-weight {live births)n 

71.6 6 
28.4 4 

10.1 1 
46.6 6 
42.5 5 
0.8 8 

77.4 4 
7.1 1 

15.4 4 

37.2 2 
74.8 8 
61.7 7 
28.5 5 
32.8 8 
4.1 1 

14.1 1 
12.3 3 
8.2 2 

24.4 4 

74.3 3 
25.7 7 

17.4 4 
8.1 1 

55.3 3 
19.2 2 

62.6 6 
8.1 1 

29.3 3 

34.6 6 
69.5 5 
62.8 8 
27.1 1 
30.3 3 
10.4 4 
14.2 2 
14.4 4 
10.6 6 
15.3 3 

0.4 4 

<< 0.001 

<0.001 1 

0.4 4 
0.2 2 
0.8 8 
0.7 7 
0.4 4 

0.002 2 
0.98 8 

0.4 4 
0.3 3 

0.003 3 

forr low birth-weight, still births are omitted and the denominators are 246 for primigravidae and 574 for 
multigravidae e 

radio,, presence of a latrine), HIV infection, post-delivery BMI (as an index of nutritional 
status)) and hypertension / pre-eclampsia. 

Differencess between percentages were tested by chi-squared tests. The effects of more 
thann one exposure were estimated by logistic regression for severe anaemia and low 
birth-weightt and by multiple regression for birthweight. Measures were adjusted for 
socio-economicc and education status, BMI and HIV as appropriate. 

RESULTS S 

GeneralGeneral  description 
AA total of 912 women were recruited, 71% of whom were MG. Primigravidae tended to be 
youngerr {P < 0.001), more literate (P<o.ooi), less commonly HIV positive (P=o.oo2) and 
havingg more low birthweight babies (P = 0.003). Other factors were similarly distributed 
betweenn the two groups (Table 1). 

Malaria Malaria 
Thee prevalence of malaria by each of the three measures, peripheral parasitaemia, placen-
tall  smear and placental histology (divided into active-acute, active-chronic and past) is 
shownn by gravidity in Figure 1. The prevalence of malaria by all three measures declined 
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11 2 3,4 >5 

gravidity y 

Figur ee 1 Prevalence of malaria measured by peripheral fi lm, placental smear and active-acute, active-chronic and past 
placentall histology in 910 study women 

withh gravidity. Despite this decline, MG still had substantial risk of infection, with preva-
lencee being 30% by histology in the gravidity group five and above. 

Histologicall  assessment was more sensitive than placental smear or peripheral film. 
Thee sensitivity of peripheral film and placental smear for detecting active infection were 
522 and 48%, respectively, based on 196 placental samples with histological evidence of 
activee infection. Of 692 placental samples with no histological evidence of active infec-
tionn on a single sample, peripheral parasitaemia was positive in 4.7% and placental 
smearr positive in 2.7%, indicating that infection was uncommon in the absence of posi-
tivee placental histology. 

Inn view of the higher sensitivity of placental histology in detecting active infection, 
andd the additional information from placental histology regarding chronic and past infec-
tion,, the remainder of the analysis was conducted using placental histology as a measure 
off  malaria infection. 

MalariaMalaria  and other  exposures 

Thee association between placental malaria and the characteristics of the population are 
shownn in Table 2. Placental malaria was more common in Mijikenda women, in women 
off  lower socio-economic status and in women with a low BMI. It was also more common 
amongg younger women even after controlling for gravidity: 76% of PG younger than 20 
yearss had active or past infection compared to 50% of PG aged 20 or older (P<o.ooi). 
Malariaa was more common among women who were HIV-positive. In PG, 10/11 (91%) of 
HIV-positivee women had placental malaria compared with 159/252 (63%) in HIV-nega-
tivetive women (P = 0.06). In MG 36/67 (54%) of the HIV-positive women had placental 
malariaa compared with 220/572 (38%) of HIV-negative women (P = 0.016). 
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Genera ll  characteristic s by placenta l malaria , sever e anaemi a and low birth-weigh t o f 910 stud y 
wome n n 

Characteristi c c 

Mijikendaa group 
Nonn Mijikenda 
Agee not known 
14-199 years 
20-299 years 
300 years and above 
Primaryy education 
andd literate 

Primaryy education 
butt illiterate 
Noo schooling 
Corall house with 
latrinee and radio 
Noo coral house, 
latrinee or radio 

BMI>2okg/m2 2 
BMII < 20 kg/m2 

HIVV negative 
HIVV positive 
Noo pre-eclampsia 
Pre-eclampsia a 

Totall  no . 

669 9 
241 1 
139 9 
177 7 

469 9 
125 5 
608 8 

71 1 

229 9 
246 6 

660 0 

618 8 
278 8 
832 2 

78 8 
740 0 
122 2 

Placenta ll  malaria 1 

Activ e e 
acut e e 

[%) [%) 

7.6 6 
7.1 1 
6.6 6 
5.8 8 

9 9 
4.8 8 

8.11 1 

2.9 9 

7.1 1 
10.6 6 

6.2 2 

7.5 5 
7.3 3 
7.3 3 

9 9 
7.8 8 
5.7 7 

ii Placental histology missing for 10 women 
22 Haemoglobin missing for 4 women 
33 Low birth weight among 8201 ive births 
44 P value for ) ? test 

Activ e e 
chroni c c 

[%) [%) 

16.8 8 
7.9 9 

13.2 2 
28.3 3 

11.8 8 
6.4 4 

13.7 7 

24.6 6 

12.8 8 
10.6 6 

15.8 8 

12.4 4 
19.3 3 
13.7 7 
21.8 8 
14.2 2 
11.5 5 

Past t 

(%) (%) 

27.5 5 
19.1 1 
27.9 9 
36.4 4 
21.8 8 

20 0 
24.8 8 

30 0 

25.1 1 
18.8 8 

27.7 7 

24.1 1 
28.1 1 

25 5 
28.2 2 
24.5 5 
26.2 2 

p4 4 

<0.001 1 

<0.001 1 

0.14 4 

0.001 1 

0.008 8 

0.11 1 

0.7 7 

Severee Anaemia 2 

% % 
<< 7g/d l 

15.6 6 
8.8 8 

15.8 8 
15.3 3 

14 4 
8.9 9 

13.4 4 

15.5 5 

14.5 5 
9.5 5 

15.4 4 

13.3 3 
14.9 9 
12.9 9 
23.1 1 
13.9 9 
13.1 1 

P4 4 

0.008 8 

0.3 3 

0.8 8 

0.02 2 

0.4 4 

0.01 1 

0.8 8 

Loww birt h 

% % 
<2500g g 

21.1 1 
9.9 9 
22 2 
25 5 

15.8 8 
12.6 6 
16.6 6 

30.5 5 

18.8 8 
9 9 

22 2 

15.6 6 
24 4 
18 8 

18.6 6 
17.1 1 
22.9 9 

weight 3 3 

P4 4 

<0.001 1 

0.02 2 

0.03 3 

<0.001 1 

0.004 4 

0.9 9 

0.19 9 

SevereSevere  anaemia  and mean haemoglobin 
Fourteenn percent of women had severe anaemia (Hb < 7 g/dl) prior to delivery. The mean 
haemoglobinn was 9.26 g/dl (SD 2.10, range 2.2-15.8). The prevalence of severe anaemia 
didd not differ significantly from PG to MG <P=o.4) but PG had a slightly higher mean Hb 
thann MG (9.51 and 9.16 g/dl, P=o.02). Severe anaemia was associated with ethnic group/ 
loww socio-economic status, and with HIV infection (Table 2). 

SevereSevere anaemia and placental malaria 
Thee associations between active and past placental malaria with severe anaemia are 
shownn by gravidity in Table 3. Gravidity is shown in three groups. There was no associa-
tionn between severe anaemia and past placental malaria, but there was an association 
withh active placental infection. Although the numbers are not great when each gravidity 
groupp is viewed separately, it can be seen that the effect of active malaria on severe anae-
miaa was similar in PG to gravidae 2-4. Indeed, the effect remained even when gravidity 3 
andd 4 were analysed alone. The presence of any active infection in gravidities 1-4 was 
associatedd with an overall adjusted OR for severe anaemia of 2.21 (95% CI 1.36, 3.61). The 
associationn between infection and severe anaemia appears to reduce at gravidities of five 
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orr more, athough there was no statistically significant modification by gravidity of the 
effectt of malaria on severe anaemia, when gravidity of less than five was compared with 
fivee or more (P = 0.3). 

Birthweight Birthweight 
Aboutt 18% of live-born babies were of low birth-weight (below 25oog). The mean birth-
weightt was 2900 g, with SD 510 and range 895-4560. Low birthweight was more com-
monn among PG than MG, with 24% of PG having low birthweight babies compared with 
16%% of MG (P=o.oo3). Female newborns were on average lighter than males, at 2845 
andd 2955g respectively (P=o.oo2). 

Loww birthweight was more common in babies born to women of Mijikenda ethnic 
group,, lower socio-economic status, young women and women who did not know their 
age,, women who were illiterate but with primary education compared to those with no 
education,, and women with BMI below 20 kg/m2 (Table 2). Low birthweight was also 
moree common among babies born to women with severe anaemia compared with 
womenn with Hb > 7g/dl (37% versus 15%, p<o.ooi) but there was no association between 
HIVV and low birthweight (P = 0.91). 

Birthweight,Birthweight,  placental  malaria  and anaemia 
Thee associations between acute, chronic and past placental malaria with low birthweight 
aree shown by gravidity in Table 4. Chronic and past placental malaria were associated 
withh an increase in the prevalence of low birthweight, whereas acute infection was not. 

Tablee 4 Prevalenc e of low birth-weight  by placenta l histolog y and gravidit y for  815 wome n wit h liv e 
bor nn babies 

Placenta ll  histolog y for  malari a infectio n 

Noo infectio n Active-acut e infectio n Activ e - chroni c Past infectio n 

infectio n n 

Prevalencee of low birth weight, < 2500g (total in group) 

Gravida!! 15.6% (90) 18.8% (16) 34.8% (66) 25.4% (71) 
Gravidaa 2-4 12.5% (208) 9.7% (31) 19.5% (41) 25.2% (111) 
Gravidas55 12.8% (125) 7.1% (14) 33.3% (9) 9 .1% (33) 

However,, there was a significant interaction between anaemia and malaria in their effect 
onn mean birthweight and low birthweight (P<o.ooi). After adjustment for socioeconomic 
andd nutritional factors, neither severe anaemia alone nor the presence of chronic or past 
malariaa infection alone remained significantly associated with a reduction in birthweight. 
However,, when both chronic or past malaria infection and severe anaemia were present, 
thee effect on birthweight (Table 5) and the prevalence of low birthweight (Figure 2) was 
muchh more marked and remained significant after adjustment for other factors. In com-
parisonn with women with neither risk factor, women with severe anaemia and chronic or 
pastt placental malaria had an adjusted OR for low birthweight of 4.53 (95% CI 1.19,17.2) 
inn PG and 13.5 (95% CI 4.57, 40.0) in gravidity 2-4 (Figure 2), and a fall in mean birth-
weightt of 472g (95% CI 211,732) and 525g (95% CI 299,750), respectively (Table 5). This 
strongg joint effect of severe anaemia and chronic or past placental malaria was upheld 
amongg multigravid HIV- negative women (OR for low birth weight n.6, CI 2.51, 53.2). 
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Figur ee 2 

gravidaa 1 gravidaa 2-4 gravidaa 3-5 

 severe anaemia, 
noo malaria 

DD no severe anaemia, 
past/chonicc malaria 

 severe anaemia and 
past/chronicc malaria 

Adjustedd odds ratios and 95% confidence intervals of low birth weight by severe anaemia, past/chronic 
malariaa and both in 811 women with live-births, by gravidity 

DISCUSSION N 

Inn this population from an area of moderate transmission, 64 % of PG and 40 % of MG 
hadd histological evidence of active or past malaria infection. Histological diagnosis of 
malariaa was much more sensitive than either peripheral parasitaemia or placental smear. 
Inn this study, the complex association between placental histology, maternal anaemia and 
loww birth weight was investigated in large numbers of women of different parities, while 
controllingg for education, socio-economic status, nutritional status and HIV infection. 

Placentall  malaria infection was associated with both an increased risk of severe anae-
miaa and an increased risk of low birthweight. Active infection (both acute and chronic) 
wass associated with severe anaemia whereas chronic or past infection was associated with 
loww birthweight. This is presumably because longer standing infection is necessary to 
impactt on fetal growth. Interestingly, our study shows a strong interaction between 
severee anaemia and placental malaria. The combination of having both severe maternal 
anaemiaa and chronic or past placental malaria was particularly detrimental to birth-
weight. . 

Theree was no evidence that the presence of placental malaria in women of gravidity 
2-44 was associated with any less severe anaemia or low birthweight than in PG. It is not 
untill  gravidities five and above that these effects may be reduced. It is well established 
thatt PG are at higher risk of infection than women of higher gravidity (McGregor, 1984). 
Possiblee reasons for this may include the development in MG, of strain specific immu-
nityy to parasites which bind to chondroitin sulphate-A (the ligand thought to be the site of 
parasitee binding leading to placental sequestration) (Fried et al. 1998, Ricke et al. 2000). 
Here,, we show that although PG have a higher prevalence of placental malaria infection, 
inn this population, malaria still poses a significant risk for severe anaemia and low birth-
weightt babies in MG. These findings are consistent with those from Malawi (Steketee et 
al.al. 1996b) where there was a difference in the incidence of low birthweight between 
womenn with and without placental malaria (diagnosed by placental smear) of 7.6% in 
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PG,, 10.1% in secundigravidae and 7.4% in women of gravidity 3 or more. Our findings 
alsoo confirm previous work that women who are HIV-positive have a higher prevalence of 
malariaa infection, with HIV-positive MG appearing to have a similar risk of placental 
infectionn to HIV-negative PG (Steketee et al 1996a; Verhoeff et al. 1999). The effect of 
placentall  malaria and severe anaemia on birthweight was upheld among HIV-negative 
MG. . 

Ass this is a hospital population, the prevalence of severe anaemia and malaria may 
nott be representative of the community as a whole. However, this should not have 
affectedd the relative effects observed, and the impact in a population will depend on the 
populationn prevalence of these conditions. The overall prevalence of severe anaemia in 
thiss study, was similar to that found previously in an antenatal population attending Kilif i 
Districtt Hospital, where the prevalence of severe anaemia at 34 weeks gestation was 
17.5%% of 462 PG (Shulman et al 1998) and 17.3% of 1263 MG (C.E. Shulman unpub-
lished).. Although 910 women is a sizeable sample, some subgroups become small, for 
examplee higher parity women with both severe anaemia and past or chronic placental 
malaria.. Caution is therefore necessary in the interpretation of findings where the confi-
dencee intervals are wide. 

Thee results of our study are potentially important for the development and implemen-
tationn of public health policies for preventing low birthweight and maternal anaemia in 
malariaa endemic areas. Hitherto, the impact of preventing disease in MG may have been 
generallyy underestimated. While there is no doubt that the highest risk individuals are 
PG,, prevention of disease in MG could potentially have a large impact on the population 
ass a whole. With an increasing drive towards rational prescribing and to avoidance of 
overusee of antimalarials it has been argued that there is still insufficient evidence on 
whichh to base policies for giving antimalarials to MG (Gulmezoglu and Garner 1998). 
Theree is indeed a paucity of antimalarial trial data in MG, which may be because it is eas-
ierr to justify establishing the efficacy and safety of a new regime in the group most likely 
too be adversely affected by malaria on an individual level. Of the trials that have been con-
ductedd among MG, some demonstrate a substantial impact (Morley et al. 1964; Steketee 
etet al. 1996b) while others demonstrated only small or insignificant effects (Greenwood et 
al.al. 1989). The difference in effect may be a result of the different transmission patterns 
andd / or the underlying prevalence of severe anaemia in the trial settings. 

Currentt WHO policy for endemic areas is: "Intermittent treatment with an effective, 
preferablyy one-dose, antimalarial drug provided as part of antenatal care should be made 
availablee in highly endemic areas to women in their first and second pregnancies. Such 
intermittentt treatment should be started from the second trimester onwards and not be 
givenn at intervals of less than one month apart" (WHO 2000). These recommendations 
derivee from trials of intermittent treatment with sulphadoxine-pyrimethamine (whereby 
womenn receive 2 or 3 doses of sulphadoxine-pyrimethamine in the second and third tri-
mesterss of pregnancy) (Schultz et al. 1994). This regime has been shown to be operation-
allyy feasible, safe and acceptable, reducing severe maternal anaemia in PG by 39% (Shul-
mann et al. 1999) and significantly improving birthweight in PG and secundigravidae 
(Parisee et al. 1998). 

Ourr study would suggest that women of all parities living in endemic areas with mod-
eratee transmission, may benefit substantially from having malaria in pregnancy pre-
vented,, irrespective of HIV status. This is likely to be most important in areas of high 
prevalencee of severe anaemia. 
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SUMMARY Y 

Wee employed qualitative and quantitative methodologies to develop and test an anaemia-
specificc health status questionnaire based on a locally recognised set of signs and symp-
toms.. These reached beyond the biomedical definition of anaemia incorporating locally 
identifiedd indicators of physical, social and psychological well and ill-being. In this way 
wee were able to capture many aspects of the distress caused by anaemia and the impact it 
hass on the wellbeing of pregnant women. The indicators proved to be successful differen-
tiatorss of non anaemic and anaemic women with a clear relationship seen between hae-
moglobinn and the reporting of a number of physical symptoms of ill health, stopping 
work,, women's concern about their health and failing to attend socially important events. 
Anaemiaa had a major impact on pregnant women's lives with far reaching social implica-
tions.. The symptoms and signs associated with anaemia may be "masked" due to rela-
tionshipss between household members and perceptions about what symptoms are 
"normal""  in pregnancy. 

Theree are few programmes effectively preventing severe anaemia in pregnancy. This 
mayy be due to an underestimation by policy makers and programme managers of the 
impactt anaemia has on the health of pregnant women, and the benefits that can be 
expectedd from successful intervention. Also, where strategies do exist, they may not be 
utilisedd optimally by the community because of the populations perceptions of the nature 
andd magnitude of the problem or because local knowledge has not informed their devel-
opment. . 

Thee information obtained here provides a rationale and a mechanism for effectively 
developingg and implementing anaemia-prevention policies and programmes. The data is 
alsoo a step towards providing a tool for assessing the impact of such policies. 
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INTRODUCTION N 

Inn Africa it is estimated that two-thirds of pregnant and one half of non-pregnant women 
aree anaemic and that up to 15% are severely anaemic1. The main aetiologies in sub-Saha-
rann Africa are iron deficiency (often exacerbated by hookworm infestation), folate defi-
ciency,, malaria, haemoglobinopathies and human immunodeficiency virus (HIV) 
infection2.. Most of these conditions are preventable. 

Whenn very severe, maternal anaemia is associated with maternal mortality3'4'5'6'7-8. It 
iss also recognised by health professionals that severe anaemia is associated with poor 
physicall  health, such as tiredness, lethargy, breathlessness and palpitations. However, lit-
tlee is described about the effect of anaemia in pregnancy on the social functioning and 
qualityy of life of women. 

Inn industrialised countries, the application of disease-specific health status question-
nairess has improved our understanding of the relationship between clinical diagnosis 
andd the broader picture of patient functioning and quality of life9. This information is rel-
evantt to a variety of contexts, including patient management, public health needs assess-
mentt and resource allocation decisions. Within research, health status questionnaires are 
beingg used to supplement and, in a few cases to replace, biomedical readings as outcome 
measuress for clinical trials and evaluation of interventions. 

Inn developing countries, there are similar justifications for developing and applying 
toolss to understand the impact of prevalent diseases on people's lives. In the case of anae-
miaa in pregnancy, although most developing countries have policies for preventing it, 
effectivee implementation of anaemia control strategies has been limited. One of the rea-
sonss may be that the full impact of the disease may not be fully realised by those respon-
siblee for implementation, as, despite the high prevalence of the condition, the myriad 
effectss of severe anaemia on pregnant women's lives have been poorly documented. 
Wheree policy-makers are not fully informed about what anaemia in pregnancy does to 
womenn and how communities see its effects, it is difficult for them to allocate resources 
optimally.. In addition, where anaemia control strategies do exist, adherence to treatment, 
suchh as haematinics, is often poor. This may be because the community's views and the 
women'ss experiences have not been taken into account in the design of programmes. By 
providingg missing data about the effects of anaemia, we can enable policy-makers at 
international,, national and local levels to make more informed, data-driven decisions 
aboutt which programmes to prioritise and how best to promote them. 

Inn this study, we set out to develop and test an anaemia-specific health status ques-
tionnairee in order to describe the effects of anaemia and severe anaemia on pregnant 
women'ss wellbeing in Kilif i District, Kenya. The items for this questionnaire derived from 
ann exploratory phase (phase 1) of in-depth interviews and focus group discussions with 
locall  women. The questionnaire was constructed with the aim of reaching beyond the 
technicall  biomedical definition of anaemia to incorporate locally recognised signs of 
physical,, social and psychological well-being and functional ability which would be 
affectedd by low haemoglobin level. The questionnaire was tested in a sample of rural 
pregnantt women attending antenatal care at Kilif i District Hospital. In this paper we 
reportt on the development of the questionnaire and describe the impact of anaemia on 
women'ss quality of life. 
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MATERIAL SS AND METHODS 

StudyStudy  Area and Population 
Thee study was based in Kilif i district, north of Mombasa on the coast of Kenya. A previ-
ouss study in this area reported the prevalence of anaemia in pregnancy (Hb<n g/dl) to be 
76%% and severe anaemia (Hb<7 g/dl) to be 10%. In primigravidae, infection with Plasmo-
diumdium falciparum was strongly associated with moderate and severe anaemia, while iron 
deficiencyy and hookworm infection were the dominant risk factors for multigravid 
women10. . 

Thee population of Kilif i district is made up of Mijikenda people of whom 90% are the 
Giriama11.. Kilif i district hospital has a busy antenatal clinic with an average of 900 
womenn from a predominately rural population attending each month. It is estimated that 
att least 90% of women attend for antenatal care at least once during their pregnancy in 
Kilif ii  district12. 

RecruitmentRecruitment  and Data Collection 
Ethicall  clearance was gained from the Kenya Medical Research Institute (KEMRI) and the 
Londonn School of Hygiene & Tropical Medicine (LSHTM). Informed consent in the 
women'ss first language was obtained. This study was conducted in 2 phases. Phase 1, 
fromm January 1996 to June 1996, was a a period of qualitative work that included the devel-
opmentt of a questionnaire. In phase 2, from October 1996 to December 1996, the instru-
mentt was pre-tested and applied. 

QualitativeQualitative  Data Collection  (phase  1) 
Thee methodologies employed for data collection in phase 1 is summarized in Table 1. The 
dataa was collected in people's homes, public meeting points, rural health centres and Kil-
if ii  district hospital (KDH). The group discussions were recorded on audio-cassette. All 
interviewss and discussions were conducted in the local language, Kigiriama, by female 
fieldd staff from Kilif i District, under the supervision of ML or CS. 

Forr the initial in-depth interviews, women attending for antenatal care at KDH were 
screenedd for anaemia. Women with different levels of anaemia were identified, and those 
whoo consented, were interviewed. During this interview, the women were able to talk 
freelyy about how they felt physically and psychologically, how they expected to feel at this 
pointt in their pregnancy, about their daily activities, their family situation and their social 
lives.. Some very severely anaemic women who had required hospitalisation, were inter-
viewedd and subsequently followed up at home. If their families agreed, they too were 
interviewedd about the way in which the illness had affected the life of the pregnant house-
holdd member. 

Followingg on from this period of in-depth interviews, women attending antenatal 
clinicc were invited to participate in focus group discussions. If they responded positively, 
theyy were provided with transport or expenses to return at a pre-arranged time. Over 90% 
off  women who were invited to participate in the in depth and focus group discussions 
agreed.. Community based focus group discussions took place with groups of women and 
motherss in law recruited to these discussions by community based seeds. In depth inter-
viewss were also conducted with traditional healers and traditional birth attendants, who 
weree identified in discussions with community leaders and with local colleagues working 
ass field workers, midwives and clinical officers in the district hospital (table 1). The aim 
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Tablee 1 Summar y of Qualitativ e Method s 

Metho d d No. . Participant s s Informatio nn Gained 

Groupp 6 - pregnant women with mixed 
Discussionss Hbs at KDH and in the 

community y 
122 - pregnant women with similar 

Hbss (unknown to them at the 
timee of the discussion) at 
antenatall clinic at KDH 

211 - mothers, mother-in-laws and 
naturall groups of women in 
thee community 

howw women feel before pregnancy, as the 
pregnancyy progresses and now 
symptomss of normal pregnancy and 
symptomss of illness 
attitudess of household members to pregnant 
women'ss symptoms 
illnessess in pregnancy: their aetiology, 
morphology,, likely consequences and 
treatments s 
dutiess women undertake, measurement 
unitss for those duties and difficulties 
performingg those duties in pregnancy 
dutiess expected of pregnant women 

In-Depthh 25 - pregnant women at antenatal 
Interviewss clinic at KDH (blood tests 

performedd after the 
interviews) ) 

symptomss they experienced throughout their 
pregnancies s 
symptomss before the pregnancy began 
symptomss now (today) 
dutiess they are currently performing, duties 
whichh are difficult and how to cut them 
down n 
attitudess of household members to their 
symptoms s 

In-Depth h 
Interviews s 

8 8 

5 5 
4 4 

12 2 

-- traditional healers 
-- traditional birth attendants 
-- allopathic health workers in 

healthh centres 
-- women in their homes 

symptomss of normal pregnancy and 
symptomss of illness 

illnessess which occur in pregnancy: their 
causes,, symptoms, diagnosis, likely 
consequencess and treatment 
knowledgee of anaemia: its causes, 
morphology,, consequences and treatment 
dietaryy restrictions for pregnant women 
sociall expectations of pregnant women 

Casee Studies pregnantt women with severe 
anaemiaa admitted to KDH: 
interviewedd before discharge 
andd at home 
familiess of those 3 severely 
anaemicc pregnant women 

currentt symptoms and functional 
incapacities s 
historyy of symptoms and functional 
incapacitiess through the pregnancy 
diet,, vomiting, if ate soil during this 
pregnancy y 

symptomss triggering decision to treat and 
treatmentt history before coming to hospital 
psychologicall and social morbidity 

off  this phase was to understand, in as comprehensive a way as possible, what problems 
importantt to Giriama women were associated with moderate and severe anaemia, and to 
identifyy the exact language women use to describe these symptoms. 
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Forr analytical purposes, we categorised information we had collected on well-being and 
distresss into four areas: 
i.. Physical symptoms. 
2.. Functional ability / disability, such as in the performing of daily tasks and in meeting 

theirr own and others' expectations. 
3.. Psychological well-being / distress, such as worrying or stress related to perceived ill -

ness. . 
4.. Social well-being, such as participation in community activities, perception of social 

supportt etc. 

Att the end of phase 1, local names for health problems, tasks, worry and stress and social 
welll  being were used to construct items for the questionnaire. 

HealthHealth status Questionnaire (phase 2) 
Thee objective of phase 2 was to identify which items were most strongly associated with 
loww haemoglobin. 

Thee questionnaire contained 25 items and took 5-10 minutes to undertake. Respond-
entss were rural Gyriama women, attending antenatal clinic at Kilif i District Hospital. 
Mostt primigravid women were recruited via an ongoing anti-malarial intervention study. 
AA field-worker selected every third eligible multigravid woman from the queue of antena-
tall  clinic attendants, up to, for logistic reasons, a maximum of eight a day. Women with 
multiplee pregnancies were excluded. Gestation was assessed by ultrasound scanning and 
historyy of last menstrual period when available. The interviewer was blinded to the 
women'ss haemoglobin status. Women were also unaware of their anaemia status. Blood 
sampless were taken after the interview by the study mid-wife and haemoglobin was meas-
uredd using a Coulter counter. Following the blood test results, all women were assessed 
byy the mid-wife and given haematinics. Severely anaemic women were also given antima-
larialss and referred to the hospital clinical officer. 

DataData Analysis 
Dataa from the health status questionnaire was analysed using STATA. Women were 
dividedd into three groups by their haemoglobin levels: severely anaemic (Hb < 7 g/dl), 
moderatelyy anaemic (Hb 7-9.9 g/dl) and mild/non anaemic (> Hb 10 g/dl). Mildly and 
non-anaemicc women were combined into one group of Hb > iog/dl because only 36/275 
(13%)) of the population were non-anaemic (Hb > n g/dl). Furthermore, mild anaemia has 
nott previously been shown to be associated with adverse outcomes and littl e benefit has 
beenn associated with interventions13. Odds ratios were calculated for the proportions of 
severelyy anaemic women (Hb<7 g/dl) experiencing symptoms compared to women with 
mild/nonn anaemia (Hb>io g/dl). Logistic regression analysis was used to adjust for varia-
bless which may confound the association between symptoms and anaemia: gestational 
agee (grouped into as < 24, 24-27, 28-31, 32-35, 36 +), gravidity (1, 2, 3, 4, and 5+) and edu-
cationn status (history of having attended primary school of not). 

RESULTS S 

Presentationn of the results will focus on the questionnaire, and draw links to the phase 1 
researchh where appropriate. 
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Thee mean haemoglobin of the 275 pregnant women was 8.97 g/dl (S.E. = 0.116). Forty 
onee women (15%) were severely anaemic (Hb<7 g/dl)F 147 (54%) had moderate anaemia 
(Hbb 7-9.9 g/dl) and 87 (32%) were mild/non anaemic (Hb > 10 g/dl). 
Twenty-onee percent of women were less than 28 weeks gestation, 22% 28-31 weeks gesta-
tion,, 48% 32-36 weeks and 11% were 36 weeks gestation or more. Thirty percent of 
womenn were primigravidae, 30% gravidity 2-4 and 35% gravidity of five or more. Forty-
fivefive percent of women had attended primary school. 

HealthHealth during pregnancy 
Inn the focus group discussions with pregnant women, normal pregnancies were 
describedd as being associated with discomfort, weakness, general body pains and lower 
abdominall  pains. Dizziness, palpitations, fever (homa), headaches, vomiting, chest com-
plaints,, shortness of breath and loss of appetite were also described as being common, 
butt only "normal" in the first 5 months of pregnancy. However, pregnant women and 
theirr families reported difficulties in distinguishing between the normal symptoms of 
pregnancyy and those of illness, at any stage in a pregnancy. 

"Reductionn in blood" or "low blood" is believed by pregnant women, older women 
andd traditional health workers to be a common condition in early pregnancy as "the child 
takess blood from the mother in order to develop". More blood is produced by eating 
"foodss of strength", such as eggs, milk, fish, beans, green vegetables and oranges. How-
everr this process can be interrupted by nausea, vomiting, loss of appetite and being too 
poorr to afford these foods. This belief is reported in many sites across Africa14. 

PhysicalPhysical Symptoms Associated with Anaemia 
Commonn symptoms described by severely anaemic pregnant women during in-depth 
interviewss and focus group discussions were dizziness, fast breathing, sensations of not 
havingg enough breath or not being able to breathe out, swollen, heavy and lifeless legs, 
awarenesss of the heart beating either faster or with greater force than normal, buzzing of 
thee ears, chest pains and coughing. The women reported that the dizziness could be so 
severee as to make them fall over. Difficulties in breathing could interfere with eating and 
talking.. The buzzing in the ears was often associated by women with pain and reported to 
bee loud enough to interfere with hearing. Heavy and swollen legs hindered mobility. Sen-
sationss of legs "feeling like they want to burst" and "as if things are moving or crawling 
insidee of them" were also reported. Though coughing was a frequent symptom experi-
encedd by women with very severe anaemia, having a cough was a very common symptom 
withinn the population irrespective of haemoglobin status, so we decided not to include it 
inn the health status questionnaire. 

Thee results of phase 2 demonstrated a clear relationship between the reporting of a 
numberr of physical symptoms and women's haemoglobin group throughout the range of 
severe,, moderate, mild and non-anaemia (table 2). Severely anaemic women were signifi-
cantlyy more likely to report dizziness, breathlessness, buzzing ears, heavy legs, swollen 
face,, heart feeling "swollen" and palpitations than women with mild / no anaemia 
(Hb>ioo g/dl). 

CapabilityCapability to perform everyday Junctions 
Inn group discussions and interviews, pregnant women reported that the most physically 
demandingg tasks are digging and pounding maize, followed by collecting wood and water 
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Tablee 2 Frequencie s and odd s ratio s for  physica l symptom s 

Sympto m m 

Dizzyy today 
Breathlesss today 
Buzzingg ears 

Legss feel OK 
Legss heavy 
Legss swollen 
Facee swollen 
Heartt feels OK 
Moyoo inafula (heart 
feelss "swollen") 
Moyoo inaenda malo 
(heartt "runs fast" ) 

Hb<7 7 

26/411 (63%) 
24/411 (59%) 

20/411 (49%) 
9/411 (22%) 

31/411 (76%) 
16/411 (39%) 

7/411 (17%) 
13/411 (32%) 
28/411 (68%) 

28/411 (68%) 

Hb7-9. 99 Hbl 0 + 

68/147(46%)) 27/87(31%) 
66/1466 (45%) 18/87(21%) 

46/1455 (32%) 18/86(21%) 
73/1477 (50%) 59/87 (68%) 
73/1477 (50%) 34/86 (40%) 
22/147(15%)) 8/87(9%) 

7/1455 (5%) 0/86 (0%) 
70/1477 (48%) 62/87 (71%) 
74/1466 (51%) 25/87(29%) 

76/1466 (52%) 26/86 (30%) 

Crud ee OR2 

(95%% CI) 

3.96(1.67,9.37) ) 
6.45(2.62,15.86) ) 

3.56(1.49,8.52) ) 
0.133 (0.05,0.33) 

5.44(2.10,14.16) ) 
10.311 (3.30,32.26) 

0.17(0.07,0.42) ) 
5.911 (2.41,14.51) 

6.30(2.53,15.72) ) 

Adjuste dd OR1 2 

(95%% CI) 

3.811 (1.25,11.66) 
5.60(1.98,15.86) ) 

2.911 (1.05,8.08) 
0.077 (0.02, 0.27) 

6.811 (2.19,21.17) 
16.66(4.12,67.35) ) 

0.177 (0.06,0.52) 
5.633 (1.93,16.42) 

6.333 (2.07,19.29) 

Oddss ratios for severe anaemia compared with mild/non anaemia, adjusted for gestation, gravidity and education 
Thee odds ratios were based on between 107 and 108 women, on account of missing values of the adjusting factors. 

andd finally cooking and sweeping. Pregnant women feeling physically ill reported work-
ingg longer hours at a slower rate and/or with frequent rests. Certain duties were reported 
too be associated with specific symptoms. For example, the heat from cooking was 
reportedd to bring on dizziness, making women concerned, for example, that they might 
falll  into the fire. 

Tablee 3 describes the proportion of women from the questionnaire with different lev-
elss of haemoglobin, who stopped different work tasks. For the severely anaemic group, 
diggingg was the activity most commonly stopped (34%) followed by pounding (29%) and 
thenn water collecting (22%). These results confirm findings from phase 1. 

Tablee 3 Frequencie s and odd s ratio s for  stoppin g housewor k due to illnes s in thi s pregnanc y 

Sympto mm H b < 7 Hb 7 - 9.9 H b l 0 + Crud e OR2 Adjuste d OR1'2 

(95%% CI) (95% CI) 

Stoppedd duties 15/41(37%) 27/147(18%) 21/87(24%) 1.58(0.65,3.88) 1.84(0.65,5.24) 

duee to illness in 
thiss pregnancy 
Stoppedd collecting 9/41(22%) 17/147(12%) 6/86(7%) 4.71(1.27,17.43) 6.89(1.43,33.09) 
water r 
Stoppedd cooking 7/41(17%) 11/147(8%) 5/86(6%) 3.89(1.02,14.86) 4.81(1.03,22.42) 
Stoppedd digging 14/41(34%) 24/147(16%) 16/87(18%) 2.07(0.80,5.38) 3.28(1.02,10.60) 
Stoppedd pounding 12/41(29%) 23/147(16%) 13/86(15%) 2.05(0.73,5.78) 3.30(0.88,12.31) 
Stoppedd collecting 10/41(24%) 118/147 12/86(14%) 1.42(0.47,4.30) 1.66(0.46,6.00) 
woodd (12%) 
Stoppedd sweeping 2/41(5%) 9/147(6%) 4/86(5%) 1.13(0.10,12.86) 0.89(0.06,13.53) 

11 Odds ratios for severe anaemia compared with mild/non anaemia, adjusted for gestation, gravidity and education 
22 The odds ratios were based on between 107 and 108 women, on account of missing values of the adjusting factors. 



IMPACTT OF ANAEMIA I N PREGNANCY 77 

Tablee 4 Frequencie s and odd s ratio s for question s abou t psychologica l and socia l morbidit y 

Sympto m m Hbb < 7 Hb 7 - 9.9 H b l O ++ Crud e OR2 Adjuste d OR 1 2 

(95%% CI) (95% CI) 

Wantss to stop house- 25/36(69%) 71/124(57%) 31/76(41%) 3.22(1.34,7.75) 3.15(1.15,8.62) 
holdd duties3 

28/41(68%)) 85/147(58%) 48/87(55%) 1.45(0.63,3.50) 1.25(0.46,3.42) 
27/41(66%)) 68/141(48%) 32/86(37%) 3.65(1.52,8.76) 3.98(1.44,10.96) 

Hass wasi-wasi 
Worriedd about own 
health h 
Thinkss she is i l l4 

Stoppedd going to 
funeralss due to how 
shee feels 
Stoppedd visiting 
friendss due to how 
shee feels 

29/36(81%)) 67/134(50%) 30/83(35%) 6.14(2.23,16.92) 6.04(1.89,19.32) 
18/41(44%)) 32/146(22%) 18/87(21%) 2.51(1.05,6.04) 3.56(1.27,9.96) 

20/41(49%)) 38/146(26%) 26/87(30%) 1.88(0.82,4.34) 2.64(1.00,6.97) 

11 Odds ratios for severe anaemia compared with mild/non anaemia, adjusted for gestation, gravidity and education 
22 The odds ratios were based on between 101 and 108 women, on account of missing values of the adjusting factors. 
33 Question added late so only 236 respondents 
44 27 "Don't know" replies were excluded 

PsychologicalPsychological well-being 
InIn this community when women get married they leave their parents' home and join 
theirr husband's family. In focus group discussions, many pregnant women reported diffi -
cultt relationships with other household members, particularly females (mother-in-laws, 
sister-in-lawss and co-wives). The pregnant women claimed that the other household 
womenn did not always want the best outcome for their pregnancies, due to envy. From 
fearr of being cursed, the women hid their pregnancies for as long as possible. Similar 
accountss are reported in the ethnographic literature15. Although discussions confirmed 
thatt a healthy diet and littl e physical exertion are considered best for pregnant women's 
healthh and her baby, many of the pregnant women perceived that other household mem-
berss did not support pregnant women eating well or working less. The pregnant women 
reportedd that they would have liked to increase their food intake, but were not in control 
off  the portions they received and it was unacceptable for them to ask for more. Similarly, 
theyy would have liked to stop or lessen their household duties but felt unable to do so, as 
thiss would mean that others from the household would have to take their place. Many 
reportedd that they felt alone and that their fellow female household members would be 
unwillingg to assist them. Others were uncomfortable asking for help as they feared they 
wouldd be regarded as lazy. This was compounded by the common suspicion reported by 
olderr women and traditional birth attendants, that pregnant women exaggerate symp-
toms,, pretending to be ill , so that they can work less. If a pregnant woman could eat, she 
wass said to be well enough to work, even if she appeared quite unwell. Diagnoses were 
oftenn made retrospectively: if the baby was born small, early or had died then it was 
acknowledgedd that the mother must have been sick. A few women mentioned that their 
husbandss might be prepared to intervene on their behalf to reduce their work, but they 
feltt such interference might damage household relationships further. If matters became 
intolerable,, women reported considering returning to their parents' home, yet in this 
communityy this rarely occurred. 
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Thesee findings were confirmed by the questionnaire, with 54% of all women reporting 
thatt they would like to stop some duties but could not. There was a a clear inverse relation-
shipp between wanting to stop work and haemoglobin group (table 4). 

AA common illness label used to describe conditions such as worry, anxiety and stress 
iss wasi-wasi. Pregnant women used it to describe concerns about their health, their deliv-
eryy and the relationship with their husband. It is also a label for conditions that resemble 
seriouss depression. Several traditional healers described that when a pregnant woman 
hass wasi-wasi, her blood is likely to "go down", as she eats less and does not get the 
strengthh from the food. As she becomes weaker both physically and mentally, she worries 
more.. Thus wasi-wasi is an important link in a cycle of decreasing health. 

Inn the questionnaire, many women admitted to experiencing wasi-wasi (59% overall) 
butt clarification of the type of wasi-wasi they were experiencing was difficult to elicit in a 
questionnairee format. The majority (65%) of women who reported wasi-wasi said that 
theyy did not know why they were worried. There was no statistically significant difference 
inn the proportion of women with severe anaemia who had wasi-wasi compared to non 
anaemicc women, though women with severe anaemia were more likely to think they 
weree ill than non anaemic women (table 4). 

SocialSocial  well-being 
Attendingg funerals, weddings and religious services (often overnight) are an important 
partt of social interaction. These involve walking and climbing hills, which was particu-
larlyy difficult for the more anaemic women. Pregnant women described that non-partici-
pationn in these activities left them feeling socially isolated. Table 4 demonstrates that 
womenn who were severely anaemic were more likely to have stopped these social activi-
tiess than non-anaemic women. 

DISCUSSION N 
Anaemiaa in pregnancy is a common condition. Unless local expression of its effect is cap-
tured,, its impact on the lives of pregnant women is likely to be underestimated. This 
studyy describes the steps undertaken to develop and test an anaemia-specific health sta-
tuss questionnaire which aimed to reach beyond the biomedical definition of anaemia and 
incorporatee indicators of physical symptoms, functional ability and social and psychologi-
call  well-being. The exploratory in-depth interviews and focus group discussions enabled 
uss to acquire local language and explore how the condition affects pregnant women 
withinn the context of the household and community. The items employed in the question-
nairee were therefore suggested to us by local women. Many of them proved to be success-
full  differentiators, with anaemic women reporting significantly more adverse problems 
thann non-anaemic women. 

Thee strongest relationships we found were between haemoglobin and a number of 
physicall  symptoms. This association was greater than that between haemoglobin and 
stoppingg daily housework duties, presumably because each woman's personal circum-
stancess affect her ability to reduce her work-load. The signs and symptoms associated 
withh anaemia may therefore be "masked" due to household pressures. This hypothesis is 
supportedd by the fact that there was a stronger relationship between anaemia and 
whetherr women would like to stop their duties as compared with what they had actually 
stopped.. Previous studies have demonstrated an association between anaemia and 
reducedd work output in women16'1718,19 and men20-2122. 
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Thee term we were using to capture worry or stress, wasi-wasi, which traditional healers 
describedd as being important in terms of both causing and being the result of "low 
blood",, was not significantly associated with severe anaemia. This may be because wasi-
wasiwasi is very common during pregnancy for reasons unrelated to anaemia (such as anxiety 
regardingg the delivery etc). In addition, wasi-wasi incorporates a wide range of distress / 
il ll  health that probably cannot be reliably asked about in a short structured questionnaire. 
Similarly,, in the questionnaire, very few women admitted that they suffered from other 
"traditional""  illnesses, although in the qualitative work other women had reported that 
thesee illnesses were very common during pregnancy. 

Thee introductory in-depth phase not only ensured the development of a useful ques-
tionnairee that employed local indicators of well-being and distress, but it also gave 
insightss into local explanatory models and health seeking behaviour of pregnant women 
inn this community. This information is important if effective and sustainable interven-
tionss are to be developed. 

Thee impact that anaemia has on women's lives may not be realised by the women or 
thee community, partly because many of the symptoms of anaemia in pregnancy are 
symptomss also experienced, to a lesser extent, in normal pregnancy (such as palpitations, 
breathlessness,, and tiredness). Pregnant and non-pregnant women expressed a difficulty 
inn knowing whether someone was ill or just experiencing the normal symptoms of preg-
nancy.. This may, in part, explain why women often suffer symptoms without presenting 
withh them to the health facilities. This has been found with other reproductive morbidi-
tiess that are so common that they are considered normal and so not worth reporting or 
actingg upon, such as prolapse in Turkey and Egypt23,24. 

Somee insights were also gained into how the internal dynamics of the household may 
relatee to the health seeking behaviour of pregnant women in this community. One impor-
tantt feature is that women are not in their natal household and surrounded by kin, and 
havee pressures on them to carry on working hard during pregnancy even if they are feel-
ingg unwell. Despite traditional beliefs around the importance of low blood and its linkk to 
poorr pregnancy outcome and wasi-wasi (which was reported as very common during 
pregnancy),, pregnant women are often thought of as being well enough to work if they 
aree able to eat. The impact therefore of anaemia on the well-being of pregnant women in 
thiss community may be greater that in an environment where women are able to rest and 
relaxx during pregnancy. 

Thee indicators which were successful differentiators for anaemia in pregnant women 
inn coastal Kenya are likely to be context-specific so we would recommend piloting to elicit 
thee appropriate language and concepts in other areas. 

CONCLUSION N 

Thiss work demonstrates the importance of anaemia, a largely preventable condition, in 
termss of its effects on individual women's physical, psychological and social health. It 
illustratess how important it is to look beyond a strictly biomedical definition of a condi-
tionn such as "anaemia", in order to fully understand the ways local people perceive the 
problem.. The information gained here can assist both in the identification of the magni-
tudee of the problem and also in the development of appropriate IEC strategies, by provid-
ingg the community with a better understanding of the impact of anaemia in pregnancy 
onn quality of life and daily activities. Locally defined indicators can also be used alongside 
otherr health outcome indicators to evaluate the full impact of an intervention on people's 
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lives.. Understanding how a disease such as anaemia, affects women's lives therefore assists 
clinicians,, public health researchers and health care planners at every level when devising a 
widee range of strategies, from recommendations for individual patient management to 
population-basedd intervention and control measures. 
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ABSTRAC T T 

Severee anaemia in pregnancy is an important preventable cause of maternal and perina-
tall  morbidity and mortality. Different methods of screening for severe anaemia in preg-
nancyy were evaluated in a 2-phased study conducted in Kilif i Kenya. 

Inn phase 1 (1994/95), pallor testing was evaluated alone and in addition to raised res-
piratoryy / pulse rates: 1787 pregnant women were examined by one of 2 midwives. Sensi-
tivitiess for detecting severe anaemia (haemoglobin < 7g/dl) were 62% and 69% and spe-
cificitiess 87% and 77%, respectively for each of the midwives. Addition of high pulse rate 
increasedd sensitivity to 77% and 81%, but specificity reduced to 60% and 51%, respec-
tively. . 

Inn phase 2, following qualitative in-depth work, a screening questionnaire was devel-
oped.. An algorithm based on screening questions had 80% sensitivity and 40% specifi-
city.. Midwife pallor assessment was conducted following the screening questionnaire. In 
thiss phase (conducted in 1997), the midwife performed very highly in detecting severe 
anaemia,, achieving sensitivity of 84% and specificity of 92%. Spending a few minutes 
askingg women questions may have improved the ability to interpret pallor findings. 

Thiss study demonstrates the value of pallor testing and raises alternative approaches 
too improving it. 
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INTRODUCTION N 

Anaemiaa in pregnancy is defined as a haemoglobin (Hb) concentration <n g/dl and 
severee anaemia as an Hb concentration <rj  g/dl. High prevalences of anaemia have been 
reportedd for women of reproductive age in developing countries. In sub-Saharan Africa it 
iss estimated that more than half of pregnant women are anaemic (WHO, 1992). Preva-
lencess of severe anaemia are often not reported, and vary widely between different geo-
graphicall  locations. In Kilif i District, Kenya, 10% of women booking for antenatal care 
hadd severe anaemia (Hb < 7g/dl) with 76% having Hb < ng/dl (Shulman et al., 1996). 

Thee main causes of anaemia reported in sub-Saharan Africa are iron deficiency (often 
exacerbatedd by hookworm infestation), malaria, folate deficiency, haemoglobinopathies 
andd HIV infection (Fleming, 1989; Hurrell, 1997). Most of these causes are preventable 
andd treatable. 

Thee main causes of anaemia reported in sub-Saharan Africa are iron deficiency (often 
exacerbatedd by hookworm infestation), malaria, folate deficiency, haemoglobinopathies 
andd HIV infection (Fleming, 1989; Hurrell, 1997). Most of these causes are preventable 
andd treatable. Anaemia is an important contributor to maternal death particularly around 
thee time of delivery. It has been reported as the main cause of 8-20% of maternal deaths 
inn hospital based studies in sub-Saharan Africa (Fullerton & Turner, 1962; Armon, 1979; 
Mtimavalyee et al., 1980; Hoestermann et al., 1996) and 11-13% m community based stud-
iess (Boerma & Mati, 1989; MacLeod & Rhode, 1998). Severe anaemia is also associated 
withh perinatal mortality (Garn et al., 1981; Brabin 1991; Dasgupta et al., 1997) and with 
loww birth-weight (Yusufii et al, 1973; Garn et al., 1981; Scholl et al., 1992; Singla et al., 
1997)) the main risk factor for infant mortality (McCormick, 1985). 

Inn many countries, although strategies exist to prevent anaemia in pregnancy, they are 
oftenn not effectively implemented. In addition, severe anaemia frequently goes undetec-
ted,, as routine blood tests for Hb are often not available in health facilities. While it is rec-
ommendedd that all pregnant women be clinically screened for anaemia (WHO, 1994a; 
WHO,, 1994b), it is still not clear what the best way is of screening women in an area 
wheree laboratory facilities are scarce. 

AA number of studies have been conducted assessing the effectiveness of clinical signs 
off  pallor in screening for anaemia within different demographic groups (reviewed in 
Duschh et al., 1999). There are, however, relatively few published studies reporting the use-
fulnesss of examination for pallor to screen for severe anaemia in pregnant women or 
womenn of reproductive age. In a few studies, the sensitivity for detecting severe anaemia 
wass high (84-100%) but with sample sizes for severely anaemic women being very small 
(betweenn 3 and 5 women (Dusch et al., 1999; Meda et al., 1996)). In 743 Ethiopian female 
refugees,, pallor testing had a sensitivity of 53% and a specificity of 91% for detecting Hb < 
77 g/dl (Yip, 1994). Using a colour recognition card for pallor determination in 211 preg-
nantt women in Gujarat, sensitivity for diagnosing Hb < 8 was 67% and specificity 41% 
(Gujirall  et al., 1989). 

Theree is also very littl e data on the usefulness of adding clinical history to pallor 
screening.. Jackson (1992) reports that certain symptoms, particularly headache, were 
associatedd with lower Hb < 10 g/dl amongst pregnant women. In screening for anaemia, 
thee presence of a headache had a sensitivity of 83% and specificity of 27%. 

Wee investigated whether examinations for pallor and self-reported morbidity are 
effectivee techniques, used independently of each other or in combination, for screening 
pregnantt women for severe anaemia (Hb < 7 g/dl). The development of a screening tool, 
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whichh could be used at health facilities that lack adequate or reliable blood-testing facili-
ties,, would be extremely useful in resource-poor settings. 

MATERIALSS AND METHODS 

Thee study was carried out in two hospitals in Kilif i District situated north of Mombasa on 
thee Kenya Coast. The population of Kilif i District is made up of Mijikenda people of 
whomm 90% are the Wagiriama (Mwenesi et al, 1995). It is estimated that at least 90% of 
womenn attend for antenatal care at least once during their pregnancy in Kilif i district 
(Kirumbii  et al, 1996). 

Ethicall  clearance was gained from the Kenya National Ethical Committee and the 
Londonn School of Hygiene & Tropical Medicine (LSHTM). Informed consent in the 
women'ss first language was obtained. 

PhasePhase  7: Examination  alone 
Betweenn October 1994 and December 1995, 1787 women of all parities attending for 
antenatall  care at Kilif i District Hospital were examined for pallor prior to undergoing a 
bloodd test. The women had been recruited into a study assessing the effectiveness of 
insecticide-treatedd bednets (ITBN) in preventing anaemia in pregnancy (Shulman et al., 
1998).. A venous blood sample was taken for full blood count in the third trimester of 
pregnancyy or at any time that a woman was suspected of being severely anaemic. Hb con-
centrationn was estimated using a coulter counter. Before the blood test, one or both of two 
studyy midwives made an assessment of pallor, based on examination of conjunctiva, nail-
bedss and tongue, estimating Hb to the nearest gram per decilitre (g/dl). Pulse and respi-
ratoryy rates were also recorded at this time. The study midwives were just asked to assess 
Hbb by just examining for pallor. This is something that they have been trained to do rou-
tinelyy and there was no additional training as part of this study. 

Followingg the blood test results, women were re-assessed by the mid-wife and given 
treatmentt or referred to the clinical officer as indicated. 

PhasePhase  2: Symptoms  in  conjunction  with  pallor  examination 

AA brief "screening" questionnaire was developed following a period of in-depth qualita-
tivee work, which included 12 focus group discussions and 25 in-depth interviews with 
pregnantt women at Kilif i District Hospital. The questionnaire asked about recent health 
experiencess and the ability to perform everyday tasks. Only those questions that appeared 
likely,, from the in-depth work, to be good differentiators of severely anaemic and non-
anaemicc women were included in this questionnaire. The in-depth work has been 
reportedd elsewhere (chapter 6, submitted). 

Inn this phase of the study, 198 women attending Vipingo health centre for antenatal 
caree were recruited between October and December 1997. Most of the primigravidae had 
previouslyy been recruited into a trial of antimalarials in pregnancy (Shulman et al, 1999). 
Thee remaining primigravidae and all of the multigravidae were recruited from the ante-
natall  clinic queue at random. 

AA midwife (midwife 2 from the previous phase) administered the "screening" ques-
tionnairee in the local language. This took approximately 2 minutes to complete. The mid-
wifee then examined the women for pallor and categorised the findings from the pallor 
examinationn as in phase I. 
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Hbb concentration was then assessed by venepuncture using a HemoCue haemoglobi-
nometer.. As in phase I, following the blood test results, women were re-assessed and 
givenn treatment or referred to the clinical officer as indicated. 

StatisticalStatistical  Analysis 

Womenn were categorised according to laboratory findings into two groups: cases of 
severee anaemia, defined as Hb < 7g/dl, or non-severe anaemia cases (Hb >j  g/dl). For 
phasee 1 and phase 2, the sensitivity, specificity and positive predictive values of each clini-
call  sign and symptom in predicting a diagnosis of severe anaemia were calculated. 

Inn phase 1, where pulse and respiratory rate were also available, sensitivity and specif-
icityy were calculated for combinations of pallor with the addition of increased pulse rate, 
increasedd respiratory rate or both. Inter-observer variability was also determined for the 
twoo midwives, using the Kappa statistic. To determine whether the accuracy of the mid-
wives'' assessments changed over the 16-month study period, sensitivity and specificity 
weree calculated for 4-month periods and compared across time using a chi-squared test. 

Forr phase 2, which contained both reported health experiences from the screening 
questionnairee and the midwife's assessment for pallor, logistic regression was used to 
modell  the probability of severe anaemia. Predictors of severe anaemia (p<o.io) from uni-
variatee analysis were included in the models. Two logistic regression models were esti-
mated:: (i) women's answers in the screening questionnaire alone (ii) combination of 
women'ss answers and the midwife's assessment for pallor. Backward elimination was 
usedd for each model to achieve a subset of "symptoms" from the questionnaire that were 
independentt predictors of severe anaemia (p<o.05). The coefficients for these variables 
weree then used to calculate "anaemia scores" such that a higher score represented a 
higherr probability of being severely anaemic. Three methods of calculating the scores 
weree used so that the algorithms that would be of more practical use in the field could be 
comparedd with the most precise algorithm based on exact predicted values. The three 
methodss were: (i) counting the number of symptoms present, (ii) predicted values 
(excludingg the constant) based on regression coefficients rounded to the nearest whole 
numberr (iii ) predicted values (excluding the constant) based on exact regression coeffi-
cients.. Sensitivity, specificity and positive predictive values (PPVs) were calculated using 
differentt cut-off points to define severe anaemia. 

RESULTS S 

PhasePhase  1: Examination  alone 

Thee mean Hb concentration (SD) of the 1787 recruited women was 8.6 g/dl (1.77), range 
2.2-15.4;; 312 i1!0^) w e re severely anaemic (Hb < 7 g/dl), 1079 (60%) were moderately 
anaemicc (Hb 7-9.9 g/dl), and 396 (22%) were mildly anaemic / non-anaemic (Hb > 10 g/ 
dl).. There were 13 multiple pregnancies. Mean gestation (SD) at the time of the assess-
mentt and blood test was 31 completed weeks (3.27), range 12 - 40. Both midwives exam-
inedd 946 of the women. 

Usingg pallor examination alone to estimate a Hb < 7g/dl, sensitivities for detecting 
truee cases (i.e. women with a measured Hb of < 7g/dl) were 62% and 69% for midwives 
11 and 2, respectively (Table 1). In the 946 women examined by both midwives, there was 
agreementt in 77% (KAPPA= 0.42, indicating "good agreement" (Fleiss, 1981)). 
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Tablee 1 Predictin g sever e anaemi a (Hb < 7g/dl ) on the basis of midwive s examinatio n for pallo r and 

clinica ll  sign s (phas e 1) 

Assessmen t t Sensitivit yy  % Specificit y % PPV% % 

MWTT pallor test+ve 62(135/218) 87(963/1108) 48(135/280) 

MW22 pallor test+ve 69(170/246) 77(893/1161) 39(170/438) 

RRR > 22 13 (40/308) 90 (1321 / l 463) 22 (40/182) 

P R > 9 99 34(106/309) 73(1074/1466) 21(106/498) 

MWii pallor test+ve or PR>99 or RR> 22 79(210/267) 56(730/1310) 27(210/790) 

MW22 pallor test+ve or PR>99 or RR> 22 84(216/258) 46(551/1189) 25(216/854) 

MWii pallor test +ve or PR>99 77 (204/265) 60 (783/1299) 28 (204/720) 

MW22 pallor test+ve or PR > 99 81(205/253) 51(592/1168) 26(205/781) 

MWii pallor test+ve or RR> 22 66(150/227) 77(887/1156) 36(150/419) 

MW22 pallor test +ve or RR > 22 74 (190/258) 68 (800/1184) 33 (190/574) 

MWW pallor test +ve = midwife predicted Hb as being less than 7g/dl by pallor examination 

RRR > 22 = respiratory rate greater than 22 respirations per minute 

PRR > 99 = pulse rate greater than 99 beats per minute 

Alll the above were statistically significantly associated with severe anaemia (p < 0.05) except for respiratory 

ratee alone. 

Thee mean respiratory rate (SD) was 20.4 intakes per minute {2.10), range 12-52, n=i77i: 
andd the mean pulse rate {SD) was 90.2 beats per minute (10.41), range 60-126, n=i775. 
Raisedd respiratory rates (> 22 respirations per minute) and raised pulse rates (> 99 beats 
perr minute) individually were not good predictors of low Hb (Table 1). However, the sen-
sitivity,, specificity and PPV for increased pulse rate in combination with pallor resulted in 
sensitivitiess of 79% and 81% and specificities of 60% and 51% for midwives 1 and 2, 
respectivelyy (Table 1). The inclusion of raised respiratory rate made very littl e improve-
mentt to either sensitivity or specificity. 

Comparingg sensitivity and specificity over time for the 2 midwives showed no signifi-
cantt change for midwife 1 but an improvement in specificity for midwife 2. Her specifi-
cityy increased from 71% to 83% between the first and last 4 month periods (p=o.oo4). 

PhasePhase  2: Symptoms  in  conjunction  with  pallor  examination 
Thee mean Hb concentration (SD) of the 198 recruited women was 8.6 g/dl (1.70), range 
3.8-13.1).. 32 (16%) were severely anaemic (Hb < 7 g/dl), 126 (64%) were moderately anae-
micc (Hb 7-9.9 g/dl), and 40 (20%) were mildly anaemic / non-anaemic (Hb > 10 g/dl). 
Meann gestation (SD) at the time of the assessment and blood test was 32 completed 
weekss (3.9), range 16-40. 

Tablee 2 illustrates how the screening questionnaire, asking about symptoms, signs, 
recentt functional activities and self-perceived paleness or colour change, and the ensuing 
midwife'ss final assessment of Hb predict severe anaemia (Hb < 7 g/dl). Two useful ques-
tionss appear to be whether the woman reports that her colour has changed (sensitivity 
69%,, specificity 67%), and whether her legs felt heavy or lifeless (sensitivity 59%, specif-
icityy 69%). When the pallor test was performed after the questionnaire had been com-
pleted,, the midwife's assessment of pallor was associated with high sensitivities and spe-
cificitiess of 84% and 92% respectively (Table 2). 
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Tablee 2 Predictin g sever e anaemi a (Hb < 7g/dl ) on th e basi s of symptoms , sign s and midwif e 
assessmen tt  (phas e 2) 

Assessmen tt  (symptom , sig n or 
midwif ee assessment ) 

Restedd when walking from bus 
stopp to health centre3 

Breathlesss when walking from 
buss stop to health centre3 

Heartt ran fast when walking 
fromm bus stop to health centre3 

Feltt dizzy yesterday 
Dizzinesss stops her walking 
Earss buzz 
Legss feel heavy or lifeless 
Facee swollen 
Jointss ache 
Heartt feels swollen / bursting 
Generall body weariness 
Stoppedd doing her work 
becausee of how she feels 
Thinkss she is pale or that her 
colourr has changed 
Midwifee assesses Hb<7g/dl 

Sensitivit y y 

% % 

50(16 /32) ) 

47 (15 /32 ) ) 

633 (20 / 32) 

52 (16 /31) ) 
52(16 /31) ) 
56 (18 /32 ) ) 
59 (19 /32 ) ) 

19 (6 /32 ) ) 
53 (17 /32 ) ) 
666 (21 / 32) 
788 (25 / 32) 
39(12 /31) ) 

699 (22 / 32) 

84 (26 /31) ) 

Specificit yy  % 

84(139/166) ) 

70(116/166) ) 

58 (96 /166) ) 

755 (123 / 165) 
77(127/164) ) 
611 (101 / 166) 
69(115/166) ) 
94(156/166) ) 
54 (89 /166) ) 
50 (83 /166) ) 
35 (58 /166) ) 

72(119/166) ) 

67(110/165) ) 

92(152/166) ) 

PPV% % 

37 (16 /43 ) ) 

233 (15/65) 

222 (20 / 90) 

28 (16 /58 ) ) 
30 (16 /53 ) ) 
22 (18 /83 ) ) 
27 (19 /70 ) ) 

3 8 ( 6 / 1 6 ) ) 
188 (17/94) 

200 (21 / 104) 
199 (25/133) 
2 0 ( 1 2 / 5 9 ) ) 

299 (22 / 77) 

655 (26 / 40) 

P--
value 1 1 

<0.0001 1 

0.065 5 

0.034 4 

0.003 3 
0.001 1 
0.005 5 
0.002 2 
0.016 6 
0.485 5 
0.105 5 
0.150 0 
0.246 6 

<0.0001 1 

<0.0001 1 

Riskk ratio 2 

(95%% CI) 

3.611 (1.97,6.60) 

1,811 (0.96,3.38) 

2.00(1.04,3.86) ) 

2.54(1.35,4.78) ) 
2.86(1.52,5.36) ) 
1.78(0.94,3.37) ) 
2.67(1.41,5.08) ) 
2.633 (1.27,5.42) 
1.255 (0.66,2.37) 
1.733 (0.88,3.39) 
1.755 (0.80,3.82) 
1.488 (0.77,2.84) 

3.433 (1.72,6.84) 

20.411 (8.37, 49.80) 

P-valuee from chi-squared test of association with severe anaemia (Hb < 7g/dl) 
Riskk ratio: risk of having Hb<7 g/dl if sign present vs. sign absent 
Distancee from bus stop to health centre is approximately 500m 

Too create possible algorithms to diagnose severe anaemia, two logistic regression models 
weree fitted. Model i, based on reported "symptoms" alone, found the best independent 
predictorss to be: needing to rest on the way from the bus stop, having "heavy or lifeless" 
legs,, and the woman reporting that she is pale or that her colour has changed. Model 2 
wass based on "symptoms" and also the midwife's pallor assessment after delivering the 
"screening""  questionnaire. The second model consisted of only midwifes pallor assess-
mentt and having heavy or lifeless legs, as no other symptoms contributed significantly to 
thee model. Table 3 shows the regression coefficients for the final logistic regression equa-
tionss obtained for both Model 1 and Model 2. 

Tablee 3 Regressio n coefficient s for the two model s fo r predictin g sever e anaemi a (phas e 2) 

Coefficient ss fro m logisti c regressio n model s 

Predicto rr  Mode l 1: Symptom s & Mode l 2: Symptoms , sign s & 
sign ss alon e (R2«0.17) midwif e assessmen t (R2=0.49) 

Restedd when walking from bus stage 1.38 

Legss feel heavy or lifeless 0.90 1.69 
Thinkss she is pale or that her colour has changed 1.24 
Midwifee assesses Hb<7g/dl 4.31 
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Tablee 4 The sensitivitie s and specificitie s of differen t cut of f score s usin g two model s (phas e 2) 

Sensitivit y y Specificit y y PPV V 

Modell l : Symptoms / signs4 alone 

Numberr of symptoms/signs present 
> i i 
> 2 2 

Summ of exact regression coefficients 

> i i 
> 2 2 

^ 3 3 

Modell 2: Symptoms / signs5 & midwife 
assessment t 

Numberr of symptoms/signs present 
> i i 
> 2 2 

Summ of exact regression coefficients 

> 2 2 

M M 
> 6 6 

84%% (27/32) 
63%% (20/32) 
3 1 %% (10/32) 

75%% (24/32) 
63%% (20/32) 
3 1 %% (10/32) 

94%% (29/31) 
48%% (15/31) 

94%% (19/31) 
84%% (26/31) 
48%% (15/31) 

40%% (66/165) 
82%% (135/165) 
98%% (161/165) 

56%% (92/165) 
82%% (135/165) 
98%% (161/165) 

62%% (103/166) 
99%% (164/166) 

62%% (103/166) 
92%% (152/166) 
99%% (164/166) 

2 1 %% (27/126) 
40%% (20/50) 
7 1 %% (10/14) 

25%% (24/97) 
40%% (20/50) 
7 1 %% (10/14) 

32%% (29/92) 
88%% (15/17) 

32%% (29/92) 
65%% (26/40) 
88%% (15/17) 

44 Model l symptoms / signs included: "do your legs feel heavy or lifeless?" "do you think you are pale or that your 
colourr has changed?" and " did you need to rest when you walked here from the bus stage?" 

55 Model 2 symptoms included: "do your legs feel heavy or lifeless?" 

Tablee 4 shows the sensitivities, specificities and PPVs for diagnosing severe anaemia by 
usingg different cut-off scores based on counting the number of symptoms present and on 
thee exact regression coefficients. There was littl e difference between these scoring meth-
ods.. Results for predicted values based on rounded regression coefficients were identical 
too Model 1 for counting the number of symptoms present and very similar for Model 2, 
soo we have not included them in the Table. In Model 1, if the presence of any one of the 3 
symptomss were used to define a diagnosis of severe anaemia then a sensitivity of 84% 
andd specificity of 40% could be obtained. Although this had the same sensitivity as from 
thee midwife's assessment alone in this phase, the specificity was lower. Model 2 indicates 
thatt an algorithm based on diagnosing anaemia if either the midwife assessed the 
womann as severely anaemic, or the woman reported that her legs felt "heavy or lifeless", 
resultedd in a sensitivity of 94% and a specificity of 62%. The inclusion of "heavy or life-
less""  legs increased the sensitivity compared to the midwife assessment alone, but 
reducedd specificity. 

DISCUSSION N 
Severee anaemia in pregnancy is an important public health problem that often remains 
neglectedd in areas with limited laboratory facilities where routine testing of Hb is not per-
formed. . 

Wee explored a number of alternatives for non-invasive screening for severe anaemia 
inn pregnancy, in an area with a high prevalence of severe anaemia. In the first phase of 
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thiss study, we demonstrated with a large sample size, that midwives, who received virtu-
allyy no additional training, were able to detect 62-69% of pregnant women with severe 
anaemiaanaemia (Hb < 7g/dl) by using pallor testing alone. The sensitivity of screening could be 
increasedd to 77-81%, by including raised pulse rate as a positive test result, but at the 
expensee of a lower specificity. 

InIn the second phase of this study we investigated the ability of specific "screening" 
questionss when used alone and in combination with pallor testing to detect women with 
severee anaemia in pregnancy. The screening questions were derived from a period of in-
depthh work and only those questions that appeared likely to be good differentiators of 
severelyy anaemic and non-anaemic women were included. Specific questions relating to 
knownn risk factors for anaemia such as recent malaria and helminth infections were not 
includedd in this brief questionnaire as infection is usually asymptomatic in this popula-
tionn and the in-depth work suggested that such questions were unlikely to contribute use-
full  information. 

IndividualIndividual  questions 
Individuall  questions relating to physical health and ability to work had varying sensitivi-
tiess and specificities. Questions that appeared to work best, in terms of sensitivity and 
specificity,, were: "do your legs feel heavy or lifeless" and "do you think you are pale or that 
yourr colour has changed". 

PallorPallor examination, performed after asking the questions 
Thee midwife in this phase of thee study was "midwife 2" from phase 1. The sensitivity of 
pallorr examination in predicting severe anaemia was much higher than in phase 1, being 
84%% with a specificity of 92%. In this phase of the study, the midwife examined each 
womann for pallor after having asked her the "screening" questionnaire. This increase in 
sensitivityy and specificity was an unexpected finding, for which there are several possible 
explanations.. It is possible that the difference is due to chance (p = 0.09 for difference in 
sensitivityy between phases 1 and 2). An alternative explanation may be that the midwife's 
assessmentt abilities improved with time and experience. However, this is unlikely 
becausee in phase 1, which lasted for 14 months, this midwife showed an improvement in 
specificityy only. Another possibility is that examination for the second phase was in a dif-
ferentt site, possibly with better lighting, although this was not apparent at the time of the 
study.. We suggest that the midwife was able to form more accurate assessments of the 
patients'' Hb levels by spending time with the women, observing them, talking to them 
andd discussing their health. In other words although the midwife was meant to be assess-
ingg for pallor as before, the accuracy of the pallor test improved with background knowl-
edgee about the women's health. This hypothesis needs to be tested in a different setting, 
ass it is a potentially important finding. 

DevelopmentDevelopment of an algorithm - using pallor examination and / or questions 
Whenn combinations of "symptoms" were used to predict severe anaemia, the three best 
independentt predictors were "do your legs feel heavy or lifeless?" "do you think you are 
palee or that your colour has changed?" and " did you need to rest when you walked here 
fromm the bus stage?". When the presence of any one of the three symptoms was used to 
definee a diagnosis of severe anaemia then a sensitivity of 84% and specificity of 40% 
couldd be obtained. These scores were lower than those for the midwife assessment of pal-
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lorr in this phase 2. Combining symptoms with pallor testing in an algorithm, increased 
sensitivityy but decreased specificity relative to pallor testing alone, probably because the 
sensitivityy and specificity of pallor testing alone was so high in this phase of the study. 
Combiningg questions about symptoms with pallor testing may be useful in an area with 
lesss experienced health professionals. 

Thee sensitivities and specificities for the different algorithms derived in this study 
needd to be treated with caution as the algorithms were derived and then validated using 
thee same data. This is likely to result in a higher diagnostic accuracy than would be 
obtainedd if a new data-set were used to validate the algorithms. 

Thee questions asked in phase 2 were based on previous qualitative work in the study 
areaa and may not be generalisable to other populations. One example of the importance 
off  this qualitative phase was that asking about self-reported pallor needed to be worded as 
"doo you think you are pale or that your colour has changed?". A number of women 
reportedd that their skin had become darker, because the contrast between their pale 
palmss and the backs of their hands had increased. There were a number of interesting 
andd unexpected "symptoms" that arose during the qualitative work, that are not classi-
callyy described as being symptoms of severe anaemia, such as having legs that feel heavy 
orr lifeless and buzzing in ears. An explanation may be that there has been littl e previous 
workk on describing the symptoms of severe anaemia in populations with such low Hb 
levels. . 

Iff  screening for severe anaemia is used to decide who should be referred for further 
investigationn and treatment, then it is important that the screening tool has a high sensi-
tivity.. However, increasing sensitivity usually results in a reduction in specificity, with 
moree women being referred unnecessarily for investigation, so adding to the cost of the 
healthh service. The trade-off between sensitivity and specificity desired from a screening 
testt will depend on the cost of performing the screening test and the capacity of resources 
availablee for further investigations subsequent to positive test results. This type of priority 
settingg is better decided at the national or regional level. 

Ourr investigation of some alternative methods for low cost clinical assessment of 
severee anaemia, demonstrates that pallor testing has a reasonable sensitivity and that 
pulsee measurement and "screening" questions about symptoms, signs and recent activi-
tiess are likely to be useful in refining pallor assessments. 

Furtherr studies are needed to evaluate algorithms based on these approaches prospec-
tivelyy {possibly with health workers of different cadres), to determine whether they can 
helpp health providers to diagnose severe anaemia more accurately. In addition, it is 
importantt that further studies are performed to test the unexpected hypothesis raised 
heree that spending a few minutes observing a woman and asking questions related to her 
healthh prior to performing a pallor examination can improve the sensitivity of this non-
invasive,, simple screening tool. In the meantime, in view of the seriousness of severe 
anaemiaa in pregnancy, the simplicity of pallor testing, and its relatively high sensitivity 
forr detecting women with severe anaemia, mean it should continue to be encouraged in 
areass where there are limited facilities to test the Hb of pregnant women. 
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Summary y 

Thee work discussed in this thesis addresses the important topic of severe anaemia and 
malariaa in pregnancy. 

Initiallyy the causes of severe anaemia in Kilif i Kenya were investigated, and malaria 
wass found to be an important cause of severe anaemia in primigravidae in the popula-
tion.. Other major risk factors for the anaemia were iron deficiency and hookworm infes-
tationn (particularly in multigravidae). 

Thiss preliminary work was followed by intervention trials undertaken to investigate 
wayss of preventing severe anaemia secondary to malaria in primigravidae. 

INSECTICIDEE TREATED BEDNETS {ITBN) 

Ass part of a large community randomised trial of ITBN in Kilif i District, which addressed 
thee impact of bednets on childhood mortality and severe morbidity, we investigated the 
impactt of ITBN on malaria and anaemia in pregnancy. The ITBN had very littl e impact 
onn anaemia and no impact on peripheral parasitaemia. Possible explanations for this 
include:: pregnant women did not use the nets consistently, possibly due to uncomforta-
blee heat; women went to bed after the peak biting time or frequently got out of bed in the 
nightt to pass urine; or that placental infection is not substantially reduced despite a 
reductionn in transmission. 

Otherr evidence on the lack of effectiveness of ITBN in preventing malaria or anaemia 
inn pregnancy in this population, comes from the trial of intermittent SP (chapter 4) [1], as 
thiss was carried out in both a bed-netted population and a non-netted population. The 
magnitudee of the impact of intermittent SP on severe anaemia and parasitaemia was sim-
ilarr in both the netted and the non-netted areas, confirming that in this setting, ITBN 
alonee were not sufficient protection for pregnant women. 

Workk on the impact of bednets in pregnant women by other investigators has shown 
variablee effects. In Ghana, in an area of perennial transmission, ITBN had no impact on 
maternall  anaemia, malaria infection or birthweight [2]. However, in Thailand, in an area 
off  low transmission [3], ITBN were associated with a halving of anaemia rates. In The 
Gambiaa [4], where transmission is limited to one short season a year, in the dry season 
womenn from villages with insecticide treated bednets had less severe anaemia than 
womenn from villages with untreated nets (OR 0.27, 95% CI 0.07- 0.93), though there was 
noo difference in the rainy season. There was an improvement in birthweight in the rainy 
seasonn of i35g (p = 0.04) but a reduction in birthweight in the dry season of the same 
amountt (p = 0.05). More recently, in an area of intense transmission, preliminary analy-
siss of data have suggested that ITBN are associated with a reduction in low birthweight 
(adjustedd OR 0.67 (0.53-0.85) (ter Kuille, personal communication). 

Overall,, the data suggest that in certain settings ITBN offer women substantial protec-
tionn from some of the adverse outcomes of malaria in pregnancy. However, this impact is 
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nott consistent. The difference seen may be due to differences in the usage of nets during 
pregnancyy by different populations. In view of this, and in the light of the substantial ben-
efitt from intermittent treatment with SP in Kilif i District among the populations both 
withh and without ITBN, some form of chemo-prevention (either as chemoprophylaxis or 
intermittentt treatment) should be offered in addition to ITBN's. 

PREVENTATIVEE INTERMITTENT TREATMENT WITH SULFADOXINE-PYRIMETHAMINE (SP). 

Thee other intervention trial described in this thesis is a double blind, placebo controlled, 
randomisedd trial of intermittent SP. In this trial women received between one and three 
dosess of SP depending on the gestation at which they first attended antenatal clinic. This 
regimee resulted in a 39% reduction in severe anaemia at 34 weeks gestation and an 85% 
reductionn in parasitaemia. Even women who received only one dose late on in the second 
orr early third trimester benefited from this treatment. 

AA complimentary study was conducted by different investigators at a similar time in 
ann area of Western Kenya with high malaria transmission [5]. In their study the primary 
outcomee was placental parasitaemia and birthweight. Intermittent SP reduced placental 
parasitaemiaa and improved mean birth weight significantly in HIV negative women. 
However,, they found that in this area of Western Kenya, where HIV prevalence is high, 
twoo doses of intermittent treatment with SP was inadequate to reduce placental parasitae-
miaa in HIV positive women. In Malawi, where policy changed to intermittent SP in 1993 
twoo operational effectiveness studies have shown that this preventative strategy is still 
effectivee at improving birthweight [6] [7]. 

WHICHH PARITIES NEED PREVENTATIVE STRATEGIES 

Thee intervention trial of SP was undertaken in primigravidae (PG) only, because from the 
preliminaryy work it wasn't clear whether malaria was an important problem in multi-
gravidaee (MG) in this area. It therefore seemed unethical to subject MG to a drug from 
whichh they might not be expected to derive any benefit. 

InIn order to determine whether or not MG suffer deleterious effects from malaria in 
pregnancyy a large cross sectional study of women delivering in hospital was undertaken. 
Thee rationale was that if the intervention was found to be effective at reducing severe 
anaemiaa in primigravidae, it would be important to be able to make recommendations 
forr women of other parities. This cross sectional study demonstrated that women of all 
paritiess are at significant risk of placental malaria and the presence of placental infection 
iss as detrimental to multigravidae as it is to primigravidae in terms of both severe anae-
miaa and low birthweight. In addition, an interesting interaction was observed whereby 
thee presence of both severe anaemia and past or chronic placental malaria infection was 
associatedd with very profound reduction in birthweight. Having placental malaria in the 
absencee of severe anaemia or having severe anaemia in the absence of placental malaria 
wass not associated with a significant risk of low birthweight. This suggests that the 
impactt of malaria on birthweight may be determined by the combined effect of severe 
anaemiaa and placental malaria in the population. 

ANAEMI AA AND GENERAL HEALTH 

Ann anaemia specific health-status questionnaire was developed in order to determine the 
impactt of severe anaemia on maternal physical, psychological and social wellbeing and so 
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too demonstrate the likely benefits of its reduction. Severe anaemia was shown to be an 
importantt contributor to ill health in all these areas. 

SCREENINGG FOR SEVERE ANAEMIA 

Inn addition to prevention, it is important that severe anaemia is detected and treated 
appropriately.. Many health facilities (including District level hospitals) are unable to rou-
tinelyy screen for severe anaemia in pregnant women. Consequently, many women leave 
antenatall  clinics without detection of their severe anaemia. We used pallor testing on a 
largee number of women and determined its usefulness as a screening tool. We went on to 
developp a brief screening questionnaire, based on history, to see if this increased the sen-
sitivityy and specificity of pallor testing alone. Pallor testing alone had a sensitivity of 69% 
forr detecting women with a haemoglobin of < 7g/dl. Interestingly, when the same mid-
wifee asked the screening questions before examining women for pallor, the sensitivity of 
thee pallor test for detecting women with severe anaemia increased to 84%. This raises the 
hypothesiss that a midwife's awareness of the general health of a woman (by spending a 
feww minutes talking to her prior to examination) increases the likelihood of detection of 
severee anaemia by pallor examination. 

POLICYY IMPLICATIONS AND DISSEMINATION 

Kenya Kenya 
Att the end of 1997, just as this work was being completed in Kilifi , researchers working 
inn Kisumu, Western Kenya, convened a meeting to discuss malaria in pregnancy. The 
findingss from the work on intermittent SP in both Kisumu and Kilif i were summarised 
andd reported back to the Malaria Control Division in Nairobi. 

II  undertook additional dissemination of this work, with policy makers and advisors 
workingg with the Kenya Ministry of Health including personnel from the Reproductive 
Healthh Division and the Safe Motherhood Advisory Committee. Those working with 
antenatall  services and reproductive health were particularly interested in the findings, as 
theyy considered severe anaemia in pregnancy to be a major public health problem in 
Kenyaa and a major contributor to maternal mortality. They had not been aware of the 
extentt to which malaria in pregnancy caused severe maternal anaemia and were keen to 
convenee a meeting to discuss the findings and policy implications with those working 
withinn the Division of Malaria Control. This was also the time that Kenya was changing 
itss first line drug treatment from chloroquine to SP. A subsequent meeting resulted in a 
unanimouss decision to adapt the policy on the prevention of malaria in pregnancy to 
includee the use of intermittent treatment with SP. It was decided that the implementa-
tionn of such a policy should primarily be the responsibility of the Division of Reproduc-
tivee Health with technical input from the Malaria Control Division. 

Internationally Internationally 
Internationallyy I presented and discussed the results with the Safe Motherhood and 
Malariaa Control Units at the World Health Organisation, so contributing to the current 
recommendationss for the prevention of malaria in pregnancy. I also held discussions of 
thee results with UNICEF. The results were also presented and discussed at the 2 Euro-
peann Congress on Tropical Medicine held in Liverpool, UK, in 1998, the Multilateral Ini-
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tiativee on Malaria conference in Durban, South Africa in 1999, and at FIGO 2000 
conferencee in Washington DC. 

Forr the last couple of years, I have been involved with the Kenya Ministry of Health, 
supportedd by the UK Department for International Development (DFID) to assist with 
developingg the strategy for implementation of the policy of intermittent SP in pregnancy. 
Thee challenge remains for this to be successfully implemented at every level of the health 
service.. In addition, as resistance to SP is increasing, there is an urgent need to seek alter-
nativee antimalarial drugs that can be used safely as intermittent treatment or chemo-
prophylaxiss to prevent malaria in pregnancy. 

Sincee the work described in this thesis started, the profile of malaria {including 
malariaa in pregnancy) has been greatly increased internationally with the WHO Roll Back 
Malariaa initiative. Another potentially exciting initiative that has recently been established 
andd has now received funding is the PREMA (Pregnancy Malaria and Anaemia) network. 
Thiss aims to include researchers, policy makers and implementers of malaria and anae-
miaa control strategies in pregnancy in developing countries. 

Thee opportunity for co-ordinated action to reduce the burden of malaria and anaemia 
inn sub-Saharan Africa is greater than ever before. The challenge is to ensure that this 
opportunityy is not lost. 
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Samenvatting g 

Hett in dit proefschrift besproken onderzoek betreft het belangrijke onderwerp van ern-
stigee bloedarmoede en malaria tijdens de zwangerschap. 

Eerstt onderzochten wij de oorzaken van ernstige bloedarmoede in Kilifi , Kenia. 
Malariaa bleek een belangrijke oorzaak van ernstige bloedarmoede bij vrouwen die voor de 
eerstee keer zwanger waren (primigravidae). Andere belangrijke risicofactoren voor de 
ontwikkelingg van bloedarmoede waren ijzergebrek en mijnworminfectie, vooral bij vrou-
wenn die al meerdere keren zwanger waren geweest (multigravidae). 

Ditt werk werd gevolgd door onderzoek naar interventies om ernstige bloedarmoede 
tenn gevolge van malaria bij primigravidae te voorkomen. 

M E TT INSECTICIDE GEÏMPREGNEERDE BEDNETTE N (INSECTICIDE TREATED BED NETS, ITBN) 

Inn Kilif i district werd een grootschalig onderzoek verricht naar het effect van bednetten 
diee met een insecticide waren geïmpregneerd op sterfte en ernstige ziekte van kinderen. 
Alss onderdeel van dit project bestudeerden wij het effect van ITBN op malaria en bloedar-
moedee tijdens de zwangerschap. De bednetten hadden heel weinig invloed op bloedar-
moedee en geen invloed op aanwezigheid van malariaparasieten in het bloed. Mogelijke 
verklaringenn luiden: de zwangere vrouwen sliepen niet consequent onder de bednetten, 
wellichtt vanwege onaangename warmte; vrouwen gingen naar bed na de tijd dat de 
meestee muggen steken of kwamen 's nachts vaak uit bed om te plassen; een belangrijke 
verminderingg van besmetting van de placenta trad niet op ondanks vermindering van 
malaria-overdracht. . 

Meerr bewijs voor het gebrek aan effectiviteit van ITBN ter voorkoming van malaria en 
bloedarmoedee tijdens de zwangerschap in deze bevolking, komt uit het onderzoek naar 
intermitterendee toediening van sulfadoxine-pyrimethamine (SP), hfdst 4 [1] welk onder-
zoekk werd uitgevoerd bij mensen met en zonder bednet. Het effect van intermitterende 
SPP op ernstige bloedarmoede en parasitemie was even groot wanneer wel of geen bednet 
werdd gebruikt. Dit bevestigt dat in deze bevolking, in dit gebied ITBN als enige maatregel 
onvoldoendee bescherming tegen malaria en bloedarmoede bieden aan zwangere vrou-
wen. . 

Onderzoekk naar het effect van ITBN bij zwangere vrouwen door andere onderzoekers 
heeftt wisselende resultaten opgeleverd. In een gebied in Ghana waar het hele jaar door 
malariaa overdracht plaatsvindt, hadden ITBN geen invloed op bloedarmoede en malaria 
bijj  de moeder of op het geboortegewicht van het kind.[2] Daarentegen waren in Thailand 
inn een gebied met weinig overdracht, ITBN geassocieerd met halvering van het percent-
agee vrouwen met bloedarmoede.^] In The Gambia waar malaria-overdracht beperkt is tot 
eenn kort seizoen per jaar, hadden de vrouwen in dorpen met ITBN in het droge seizoen 
minderr ernstige bloedarmoede dan de vrouwen in dorpen met bednetten die niet waren 
geïmpregneerdd (OR 0.27, 95% betrouwbaarheidsinterval 0.07-0.93) hoewel er geen ver-
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schill  was in het regenseizoen. In het regenseizoen was het geboortegewicht 135 g hoger 
(p=o.o4)) maar in het droge seizoen evenveel minder (p=o.o5).[4] Voorlopige analyse van 
gegevenss uit een gebied met intense malaria-overdracht suggereert dat gebruik van ITBN 
iss geassocieerd met vermindering van het aantal kinderen met laag geboortegewicht {OR 
0.677 (0.53-0.85)) {Ter Kuile, persoonlijke mededeling). 

Dee gegevens maken aannemelijk dat ITBN in bepaalde omstandigheden aanzienlijke 
beschermingg bieden aan zwangere vrouwen tegen de nadelige effecten van malaria 
tijdenss de zwangerschap. Het effect is evenwel niet consistent. De verschillen worden 
misschienn veroorzaakt door verschillende toepassing van de maatregel door verschillende 
bevolkingsgroepen.. Om deze reden en vanwege het aanzienlijke effect van de intermitter-
endee behandeling met SP in Kilif i district bij hen die wel en die geen bednetten gebruik-
ten,, dient in aanvulling op ITBN een vorm van chemo-profylaxe of intermitterende 
behandelingg te worden aangeboden aan zwangere vrouwen. 

PREVENTIEVEE INTERMITTERENDE BEHANDELIN G MET SULFADOXINE-PYRIMETHAMIN E (SP) 

Hett andere in dit proefschrift beschreven interventie-onderzoek is een dubbelblinde, pla-
ceboo gecontroleerde, gerandomiseerde studie met intermitterende SP-toediening. 
Tijdenss dit onderzoek ontvingen vrouwen één tot drie doses SP, afhankelijk van de duur 
vann de zwangerschap op het tijdstip dat de vrouw voor het eerst ter controle kwam. Dit 
regiemm resulteerde in een reductie van ernstige bloedarmoede met 39% bij een zwanger-
schapsduurr van 34 weken en in een reductie van parasitemie met 85%. Zelfs vrouwen die 
slechtss één dosis hadden ontvangen laat in het tweede of vroeg in het derde trimester van 
dee zwangerschap, profiteerden nog van deze maatregel. 

Terzelfderr tijd werd in een gebied in west Kenia met hoge malaria-overdracht een aan-
vullendee studie verricht door andere onderzoekers.[5] In die studie waren de belangrijkste 
uitkomstmatenn malaria van de placenta en geboortegewicht. Intermitterende SP toedien-
ingg resulteerde in significante reductie van het aantal parasieten in de placenta en signif-
icantee verbetering van het gemiddelde geboortegewicht bij HIV negatieve vrouwen. Maar 
inn dit gebied in west Kenia waar de prevalentie van HIV hoog is, bleken twee doses SP 
niett afdoende om het aantal parasieten in de placenta te reduceren bij HIV positieve 
vrouwen.. In Malawi waar het beleid reeds in 1993 veranderde naar intermitterend SP, 
hebbenn twee operationele effectiviteitsstudies getoond dat deze preventieve strategie nog 
steedss leidt tot verbetering van het geboortegewicht.[6,7] 

WELKEE ZWANG EREN BEHOEVEN PREVENTIEVE MAATRECELEN : PRIMICRAVIDAE OF MULTICRAVI -

DAE? ? 

Omdatt uit het vooronderzoek niet duidelijk was of malaria een belangrijk probleem was 
bijj  multigravidae in dit gebied, werd de interventietrial met SP alleen bij primigravidae 
verricht.. Het leek onethisch multigravidae aan een geneesmiddel bloot te stellen waarvan 
zijj  mogelijkerwijs geen voordeel zouden hebben. 

Omm na te gaan of multigravidae nadelige effecten ondervinden van malaria tijdens de 
zwangerschapp werd een groot cross-sectioneel onderzoek verricht bij vrouwen die in het 
ziekenhuiss bevielen. De achterliggende gedachte was dat als de interventie nuttig bleek 
terr vermindering van ernstige bloedarmoede bij primigravidae, het belangrijk zou zijn 
ookk aanbevelingen te kunnen doen bij multigravidae. De cross-sectionele studie toonde 
datt alle zwangere vrouwen, ongeacht de pariteit, een aanzienlijk risico lopen op placenta 
malariaa en dat infectie van de placenta even nadelig is voor multigravidae als voor primi-
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gravidaee wat betreft ernstige bloedarmoede en laag geboortegewicht. Bovendien werd een 
interessantee interactie vastgesteld waarbij de aanwezigheid van zowel ernstige bloedar-
moedee als malaria van de placenta, doorgemaakt of chronisch, was geassocieerd met een 
duidelijkk lager geboortegewicht. Malaria van de placenta zonder ernstige bloedarmoede 
off  ernstige bloedarmoede zonder placenta malaria was niet geassocieerd met een signifi-
cantt risico op laag geboortegewicht. Dit suggereert dat de invloed van malaria op het 
geboortegewichtt bepaald zou kunnen worden door het gecombineerde effect van ernstige 
bloedarmoedee en placenta malaria in de bevolking. 

BLOEDARMOEDEE EN ALGEMENE GEZONDHEID 

Eenn vragenlijst betreffende de gezondheidstoestand, toegespitst op bloedarmoede werd 
ontwikkeldd om de invloed van ernstige bloedarmoede op het lichamelijke, psychische en 
socialee welbevinden van de moeder te bepalen en daarmee de te verwachten voordelen 
vann de vermindering van de bloedarmoede. Ernstige malaria bleek een belangrijke 
bijdragee te leveren aan slechte gezondheid op genoemde gebieden. 

ORIËNTERENDD ONDERZOEK NAAR ERNSTIGE BLOEDARMOEDE 

Behalvee preventie zijn ook het vaststellen en op juiste wijze behandelen van bloedar-
moedee belangrijk. In veel gezondheidszorginstellingen, inclusief districtziekenhuizen, is 
menn niet in staat zwangere vrouwen routinematig te onderzoeken op ernstige bloedar-
moede.. Dus verlaten vele zwangeren de kliniek zonder dat hun bloedarmoede is vast-
gesteld.. Wij keken bij een groot aantal vrouwen of het klinische onderzoek van 
conjunctiva,, slijmvliezen en handpalmen (onderzoek naar bleekheid) gebruikt kon 
wordenn als oriënterend onderzoek. Vervolgens ontwierpen wij een korte vragenlijst om 
dee sensitiviteit en specificiteit van het klinisch onderzoek naar bleekheid te verhogen. 
Mett klinisch onderzoek alleen werden 69% van de vrouwen met een hemoglobinege-
haltee van < 7 g/dl ontdekt. Wanneer de vroedvrouw eerst de vragen van de vragenlijst 
steldee en daarna het klinisch onderzoek uitvoerde, nam de sensitiviteit van het vinden 
vann vrouwen met ernstige bloedarmoede (Hb < 7 g/dl) toe tot 84%. Het ziet er dus naar 
uitt dat de kans dat ernstige bloedarmoede wordt vastgesteld door eenvoudig klinisch 
onderzoekk groter is wanneer de vroedvrouw kennis heeft van de algemene gezondheids-
toestandd van de vrouw door een paar minuten met haar te praten voor het onderzoek. 
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